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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL DESCRIPTION 

The VSV11/VS1l is a video graphics s~stem consisting o~ three 
quad-size modules and a Joystick assembly. The ~ystpm ~~~~ a 
high-speed microprocessor as the display processor. with a 
graphics instruction set that is based on th. versatile VT!l 
instruction set. Included in the VSV11/VSll instruction set are 
three bit map modes. An image memory is used in the VSVll/VS11 
system to store the pixel data output o~ the display processor. 
The image memory is then continually "read" to the system monitor 
ror the ulsplay of pixel information. The use 09 an image memory 
eliminates the need for display file refreshing and allows the 
display file to be changed after the ~irst read pass. When the 
system is expanded with optional image memory. dynamic graphics 
can be run. The video output from the V£~ll/VSll system is EIA 
RS-170 compatible and can drive a black and white or RGB color 
C 0 mp 0 sit e v ide 0 m 0 nit 0 r . E i the r 50 Hz 0 r 60 Hz, i n t e r l. ace d 0 r 
noninterlaced scanning is provided. 

There are two basic graphics systems available: the VSV11 for 
use with an LSI-1l CPU host, and the VSll for use with a PDP-Il 
host. The difference between the t"wo is that the VSII system 
includes a OW11 UNIBUS-to-LSI-11 Bus Converter. Both systems 
employ three modules which plug into an "H9273-type" bac"kplane. 
This type backplane has LSI-II busing on the A-B slots and 
daisychain or video busing on the C-O slots. Since the VSl1 
system includes the DWll, a backplane (DDVII-CK) is supplied for 
mounting into PDP-II mounting boxes. This backplane is 
compatible with the VSVI1/VSll modules. VSVl1 systems are not 
supplied with a backplane. Operating power for the VSVI1/VSll 
modules is supplied by the power supplies in the host CPU. 

The basic three-module VSVI1/VSll graphics system has a Display 
Processor module (M7064), one Image Memory module (M7062) and one 
Sync Generator/Cursor Control module (M7061). Optional Memor~ 
and Sync Generator modules can be used to expand the basic system 
for multi channel and/or multi monitor operation. One imlge 
memory module provides one memory channel with either 512 X 512 X 
2 bits or 512 X 256 X 4 bits o~ pixel resolution and intensity. 
Additional image memory module. can be added to provide ~or: 



1. Single memor~ channel with ~12 X ~12 X 4 bits 09 pix.l 
resolution and intensit~ 90r on. s~stem monitor, with no 
dynamic graphics, 

2. Two memor~ channels each ~ith 512 X 256 X 4 bit. 09 
resolution and intensit~ for one monitor with d~namic 
graphics, 

3. A 90ur memory channel system, each channel having 512 X 
512 X ~ bit. 09 resolution and intensity; paired 
channels would drive separate monitors, each monitor 
could display independent dynamic graphics, and 

4. Four separate channels, each channel having either 512 X 
25b X 4 bits or 512 X 512 X 2 bits 09 resolution and 
intensit~ 90r four independent monitors with no dynamic 
graphics. Optional M70bl Sync gen.rator modules are 
re~uired for each additional independent s~stem monitor. 

In summar~, the VSV11/VS11 has the following geatures: 

VT11-type instructions including Vector, Point, Qraphp1ot, 
Run-length, and Bitmap modes, 

- LSI-11 Bus NPR capability, with IS-bit addressing, 

Module. operate in DDV11-CK ~ H9273 t~pe backplan., 

Resolution 0' 512 X 256 X 4 bits or 512 X 512 X 2 bits, 
switch-selectable (with one memor~), 

- Outputs 4 or Ib grey levels, or Ib colors, 

Video output 90r VT100 (Maximum of on. VT100 p.r VSV111 VSll 
subsystem), 

Can sync to an external RS-170 sourc. having e~ual number 09 
scan lines as Sync Generator, 

Mixes video from an external RS-170 50urce, 

Software- and ~oystick-contro1led cursor, supplied with a 
rate-type Joystick; cursor size and intensity is 
Jumper-selectable between two choices, 

- Multi-channel and/or multi-monitor operation, 

- Compatible with analog monochrome or RQB·-COLOR monitors 
re~uiring EIA RS-170 composite sync, 

50 Hz or bO Hz, interlaced or noninterlaced operation, 

So'tware-controll.d hardware blink. 
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1.2 BASIC FUNCTIONAL DESCRIPTION 

Figure 1-1 is a block diagr~~ of the VSV11/VSll graphics syatem. 
Three maJor functions appear on this diagram. These are: 

(1) the M7064 Display Processor (abbreviated DPU)# 
(2) the M7062 Image Memory, and 
(3) the M7061 Sync Generator/Cursor Control. 

The.e three maJor 'unctions are the three modules 0' the 
VSV11/VS11 s~stem. Figure 1-1 shows the optional additional 
M7062 Im .. ge Memory.- The H3060 Joystick is supplied with .. II 
systems. and the DW11 is used only with the VS11 system. 

The system modules interface to each other by means 0' two 
internal buses. These buses are the DBUS (Memory Data Bus) and 
the VBUS (Video Bus). The DBUS is a three-state bus that carries 
pixel data and control signals between the M7064 Displ .. y 
Processor and the M7062 Image Memory, and between the Display 
Processor and the M7061 Sync generator/Cursor Control. 
Physically, th. DBUS is a 40-ccnductcT Tibbcn cable with 
Berg-type connectors. The cable is connected 'ro~ th~ ~O-pin 
Berg-type connector on the Display Processor module to the 40-pin 
Berg-type connectors on each MemOrij and Svnc mod"".1.. The Video 
Bus is a three-state bus (only two-states are ~sed) inter'acing 
the Display Processor, Memory, and Sync modules. This bus 
carries sync and timing signals and video pixel data. 
Physically, the video bus is the daisy-chain wiring on the C-D 
slots o~ ~~ H9273-type or the E-F slots 0' a DDVI1-CK backplane. 
A complete description of the Deus is presented in Chapter 5, 
while th~ Video Bus is detail~d in Chapter 6. 

The VSV11/VS11 system operates as a DMA jevic~ on either the 
LSI-l1 or PDP-11 bus. After constructing a displ~~ 'ile in the 
CPU memory, the starting address 09 the 'ile is trans;@rred to 
the Display Processor's Display Program Counter (DPC). The 
Display Processor then makes nonprocessor re~uests (NPRs) to gain 
use 09 the bus. Once bus master, the Display Processor has 
direct memory access (DMA) to the CPU memory 90r reading the 
display 'ile. Displa~ 'il~ in~tructions consist of Graphic. 
Control, and Data instructions (these are fully explained in 
Chapter 3). These instructions are processed by the- Display 
Processor and set-up the graphic mode, status registers ,and 
control functions, and contain the pixel (picture element) 
in'ormation for display. Picture in90rmation processed by the 
Display Processor is sent to the Image Memory via the Memory 
Bus/DBUS for storage and eventual display on the system monitor. 
A detailed description 09 the Display Processor is presented in 
Chapter 4. 
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The Image Memor'J stores an "image" o~ the pixel in~ormation to be 
displayed on the system monitor. Pixel data received ~rom the 
Display Processor is stored in thirty-two 16K Random Access 
Memories (RAMs) on the H70b2. X and V address lines to the RAMs 
control w~ich pixel position is to be written or read. RAM X and 
Y addresses correspond to pixel X and Y coordinates on the screen 
o~ the system monitor. Digital data for display is read from the 
M7062 to the M7061 Sync generator/Cursor Control via the Video 
Bus (VBUSL At the M70bl, the digital data is converted to 
analog data. Because the Imagv Memory stores the picture to be 
displayed, the display ~ile in the CPU memory is not required for 
re~reshing the display and can be changed after its contents are 
transferred to the VSV11/VS11. Optional M7062 Image Memory 
modules can be added to the basic VSV11/VS11 system to increase 
pixel resolution, to run dynamic grahicsl or for multi-monitor 
and/or multi-channel uperation. Chapter 5 presents a detailed 
description of the M7062 Image Memory. 

The M7061 Sync Generator/Cursor Control provides 
digital-to-analog conversion of the pixel data from the M7062 
Image Memorv for display on the system monitor. Sync and 
blanking pulses generated by the M7061 are used throug!;~ut the 
VSV11/VS11 system and are combined with the pixel video data to 
produce the EIA RS-170 composite video signal ~or the monitor. 
Cursor control circuits within the H7061 com~ute positions for 
display on the system monitor based on one of three data inputs. 
The Joystick, PDP11 I/O, or display file primitive can all 
control the displayed cursor position. Match and Switch 
interru~ts (explained in Chapter 3), originated by pressing the 
Joystick interrupt switch or actuated by software, are controlled 
by logi~ on the M706l. ~oystick position is read back to the 
Display Processor via the Memory Bus/DBUS during a switch 
interrupt. The Joystick itself consist. Or an X-position and a 
V-position potentiometer; and two interrupt s,~titch-s wired in 
parallel. These components are mounted in an enclosure which 
connects to the M7061 module via a cable. The H3060 Joystick is 
~.~Er-r-Ed to .» a rate-type Joystick. That is, small movements of 
the Joystick produce slow movements of the crosshairs. Large 
Joystick movements cause the .crosshairs to move rapidly. 
Detailed descriptions of the M7061 Sync Oenerator/Cursor Control 
module and the H3060 ~oystick are provided in Chapter 6. 

The DWll UNIBUS-to-LSI-11 Bus Converter is supplied only with 
VS11 systems. The converter translates UNIBUS and LSI-l1 Bus 
signals. This translation is required because the Display 
Processor is an LSI-l1 Bus device, and VS11 systems are used with 
PDP-it host CPUs. Complete details on the DWI1 are presented in 
the DW11 UNIBUS to LSI-II Bus Converter Installation Guide 
(EK-DW11 A-IN). 
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1.3 OPTION DESIGNATIONS 

Various standard VSV11 and V91i option packages are avail.ble. 
Th. standard "packaged" units are based upon the VSVII-AA, which 
is a 3-module set containing one M7064 Displa~ Processor, one 
M7061 SVnc Oenerator/Cursor Control, and one M70b2 Image M.mor~ 
(also called a Frame Bu9fer>. VSV11 s"ste ... s, for LSI-II Bus 
s~stems, plug directl" into an LSI-l1 Bus backplane (H9273-A or 
eCluivalent); the backplane is not supplied. VSll s"stems, for 
PDP-l1 and VAX UNIBUS s~stems, include a DWI1-B~ UNIBUS-to-LSI-ll 
Bus Converter, which includes a 4-slot backplane. The basic 
VSVl1 or VSll logic can be augmented with one addition M7062 
Image Memor~ as part of the standard offering. 

Some packages do not include a display monitor. Others include 
either a 12" Monochrome (Black & White) monitor (VTI00-LA/LB) or 
a 19" Color monitor (VRV02>. Both types of monitors iare based 
upon the VT100 terminal. The VT100-LA (120V/bOHz) or VT100-LB 
(240V/~OHz) is a standard VT100-AA with a P40 phosphor and 
anti-glare shield. The VRV02-BA (120V/60Hz) or VRV02-BB 
(240V/SOHz) are composed 09 two free-standing units plus • 
detachable keyboard. One of' the units is a 19-inch (di&g~i1aJ. 

measure) color CRT. The other is a Ke"board Inter9ace containing 
standard VT100 logic and a power supp1~. Both type~ 09 standard 
monitors can communicate with the host CPU over a standard .eria1 
line and can 'unction as iI standard terminal. The serial line 
does not connect to the VSVll/VSll logic; the user must provide 
a standard i nterfac. 'or communi cati ons (DZ11, Df.11 , etc.) 

In addition to the standard units, VSV11/VS11 "building blocks" 
are availab!~ 90r constructing "extended" graphic systems. These 
extended systems can contain multiple Memory and ~oystick 
channels, providing for high-resolution "dynamic» displays and/or 
attachment of multiple independent display monitors. 

Table 1-1 lists the standard VSV11 and VSll graphic systems 
designations. Table 1-2 lists the model designations of the 
VSVII/VSll building blocks. 
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Table 1-1 
VSV11 and VSll Qraphics System Designations 

DESIONATION 
--------------------- --------------------- No. 09 

LSI-II Bus UNIBUS Im.ge Display 
--------------------- --------------------- Memories Monitor 

120V/60Hz 240V/~OHz 120V/60Hz 240V/~OHz 

VSVI1-AA VSVII-AB VSII-AA VSII-AB 1 None 
---------- -~~------- ---------- ---------- --------- -----~---

VSVII-AC VSVI1-AD VSII-AC VSII-AD 2 None 

VSVI1-AE VSVI1-AF J VSI1-AE VSII-AF 1 VT100 
1 (BLW) 

---------- ----------1----------1---------- --------- ---------
VSVII-AH VSVI1-A~ I VSI1-AH VSI1-A~ 2 VT100 

I (B&W) 
---------- ----------1---------- ---------- --------- ---------

VSVI1-AP VSVI1-AR J VSI1-AP VSII-AR 1, VRV02 
r (Color) 

1---------- ----------1---------- ---------1---------
VSVII-AS VSVII-AT t VSll-AS VSII-AT ~ VRV02 

(Color) 
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Table 1-2 
VSVI1JVS11 Building Block Model Design~tions 

I - DESIGNATION 
:----------~---------- DESCRIPTION 
I 60 Hz 50 Hz 

VSV11-BA VSVII-BB VSV11-AA/AB plus DDVI1-DK 9-Slot 
Backplane, Power Harness Adapter, Six 
Q7272 Grant Continuity Cards, Extended 
DaUS Data Cable, and M9403 LSI-II Bus 
Connector with +1~V to +12V Converter. 

---------- ---------- -----------------------------------------
VSll-BA VSll-BB VSVll-AA/AB 

LSI-1l Bus 
VSll-AA/AB 
B~ckpl~ne. 

with DWll-EK UNIBUS to 
Converter. E~uivalent to 

but with DDVI1-DK 9-Slot 

1---------- ---------- -----------------------------------------
VSll-BC VSll-BD VSVll-AAJAB with DWll-A UNIBUS to 

LSI-ll Bus Converter. The DWll-A 
contains an M8217 bus converter mod~le, 
an M940l bus connector, and two 
BC05L-l6 l6-foot 40-conductor ribbon 
c~bles. With the addition of ~n H9~73-A 
backplane and LSI-11 expansion box, 
such as BAl1-N, this building block CAn 

I be used on a UNIBUS sys~em. 
I-~--------,---··------ ------------------~--~------------------

VSVII-MA M7062 Image Memory Module 
1--------------------- -----------------------------------------
I VSV11-SA VSV11-SB 

VSV11-SC VSV11-SD 

M7061 Sync Generator/Cursor Control 
Module plus Video Cable~ 

M706l Sync Generator/Cursor 
Module, Video Cables, and 
Pigtail Cable 

Control 
~oystick 

VSVll-SE VSVII-SF H70bl Sync Generator/Cursor Control 
Module, Video Cables, and Multi-Tap 
~oystick Pigtail Cable (for connecting 
a single H30bO ~oystick to up to four 
M70bl modules) 

----------,-----------------------------------------
H3060 

VT100-LA : VT100-LB 
I 

----------:----------
VRV02-AA : VRV02-AB 

----------1----------
VRV02-BA t VRV02-BB 

~oystick Assembly 

Monochrome Monitor Terminal (same as 
VT100-AA/AB-but with P40 phosphor) 

19-inch Color Monitor (with no Keyboard 
or terminal logic) 

19-inch Color Monitor Terminal (with 
Keyboard and terminal logic) 
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1.4 SPECIFICATIONS* 

1. 4. 2 

Temperature 
Storage 
Operating 

-400 to 66°C (-400 to 150°F) 
5 0 to 50°C ( 40 0 to 120°F) 

lOX to 95X nonconden5ing 

Logic Po~er Requirements 

Nomin.l tw-. 
117064 +5V 2.8 Amp 3.0 Amp 

117062 +~V 1. :2 Amp 1. , Amp 

-5V** 0.006 Amp 0.01 Amp 
+12V 0.45 Amp O. 5 Amp 

H7061 +5V 1.2 Amp 1. 5 Amp 
+12V 0.11 Amp O. 15 Amp 

VSV11 +5V 5.2 Amp 6.0 Amp 
+12V O. 56 Amp 0.65 Amp 

M8217 +5V 2. 5 Amp 3.0 Amp 

M9403 +15V Equal to +12Vdc current 
dr .. ~n b" 1'17061 and 
M7062 modules. 

** Supplied bV "7061 

1.4.3 Sync generator (M7061) 

Horizontal Frequency 15.734 kHz + 0.2Y. 

Scan Lines Per Frame 
60HZ Interlaced 525 
60HZ Noninterlaced 525 
50HZ Interlaced 629 
50HZ Noninterlaced 629 

Visible Line. Per Field 
60HZ Interlaced 
60HZ Noninterlaced 
50HZ Interlaced 
50HZ Noninterlaced. 

480 
240 
512 
256 

(2x240/Field) 
(1x240/Field) 
(2x256/Field) 
( 1x2561 F i .1 d) . 

* Speci'ications are subJect to change without notice. 
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1.4.3.1 Video Output To VT100-

Output Video Voltage 
_ Output Impedance 

Video (Ri.e, F~ll) 

Sync (Rise, Fall Time) 

1. 2Vp-p,:!: 20X 
75 :!: ~X 
25n. "' •• 
25n. m •• 

[Video signal derived 'rom Monochrome/Oreen (Composite Video) 
output, but ~ithout mixed video input.] 

1.4.3.2 Monochrome/Green, Red, Blue Video Outputs -

(Red ~nd Blue unconnected and unterminated ~ill 
VT-I00 and the Monochrome/Oreen (Composite 
provide 16 levels 09 video. ) 

caus. both the 
Video) outputs to 

Monochrome ~peration ~ ~ ~ shades 
~ ant ~ unterminated) 

Monochrom.(/Qre.n) output 
(From Composite Video Output) 

Sync ,Figure 1-2) 

Sync Voltage 

Video Voltage. m.x 
(Figure 1-3) 

Output Impedance 

Signal Transition Tim •• 
(Figures 1-2 and 1-3) 

Sync (Rise, Fall Time) 
Video (Rise, Fall Tim.) 

Red output 

Blue output 

1-10 

EIA RS-170 
compatible 
COlftposite Sync 
~ith 16 video 
lev.l. and mixed 
video input. 

EIA RS-170 
Compatible 

0.4V ± 20Y. 

1.2VP-P + 20Y. 

75 ohms + lOY. 

25ns max 
25n5 max 

Unconnected and 
Unterminated 

Unconnected and 
Unterminated 



(Monochrome/)Qre.n Output 
('rom Composite Video Output) 

Svnc (Figure 1-2) 

Video Voltage. Max. 
(Figure 1-3) 

Output Impedanc. 

Signal Transition Times 
(Figures 1-~ and 1-3) 

Svnc (Rise, Fall Time> 
Video (Rise. Fall Time) 

Red Output: 
2 video levels 

Output Impedance 
High State 
LObi state 

Signal Transition Times 
(Figures 1-2 and 1-3) 

Video Risetime 
Video Falltime 

Blue Output: 
2 video levels 

Output Impe.dance 
High Stat. 
LObi Stat. 

Signal Transition Times 
(Figures 1-2 and 1-3) 

Video Risetime 
Video Falltime 
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EIA RS-170 
compatible 
Composite Sync 
... ith 4 video 
levels, .nd 
Mixed video 
input. 

EIA RS-170 
Compatible 

0.4V :t 20X 

1.2VP-P + 20X 

75 Ohms + lOX 

25n5 ma~ 
25n5 max 

LObi - 0.21 V max 
High - 0.93 V:t 20X 

330 Ohms :t lOX 
30 Ohms m.x 

50ns max 
25n5 max 

Lo ... - 0.21 V max 
High - 0.93 V:t 20Y. 

330 Ohms :t lOX 
30 Ohms max 

50ns max 
25n5 max 



Video Input Waveform 
- Input Fre~uencu Range 

Input Voltage Range 
SUnc (Negative) 
Video (Positive) 

Input Impedence 
Bandwidth (Video Input 

To Video Output) 

Mixer Function 

Video Input Registration 

Output Pixel R.te 
Bits Per Pix.l 
Input Date Rate to Image Memoru 

Pixel Timing, Per Line 
Visible Lines Timing 

1.4.5 Display Processor 110 (M7064) 

Data Transfer Hode 
Bus Loading 
Instruction Set 

1-12 

RS-170 
1S.734 kHz + 1X 

0.4V + 30X 
1.0V + 30X 

75 :t 5X 

10 MHz 

Video Input is CRied 
with intern.llu 
generated signal. 
Result is fed out 
through Composite 
(Monochrome/Qreen) 
Output and does not 
appear on the VT100 
output. 

s •• Figure 1-4 

512151212 Bits or 
512125614 Bit. 
1 Pixel per eo nsec. 
2 or 4 
1 Pixel per 640 nsec 

max 

See Figure 1-4 
See Figure I-S 

LSI-l1 Bus NPR's 
1 Bus Load 
Se. Chapter 3 



1.4.6 Monitor Speci'ic.tions 

1.4.6.1 VT100-LA/LB-

Type 

Size 

Phosphor 

Pow.r 
VT100-LA 
VT100-LB 

1.4.6.2 VRV02-AA/AB-

Size 

Phosphor 

Power 
VRV02-AA 
VRV02-AB 

1.4.6.3 VRV02-BA/BB-

Monochrome (81.c. It White) 

12-inch, di .. gon.l screen ••• sure 

P40 

90-128 Vac • 2.2 Amp 
1BO-~56 V.c • 1.1 Amp 

Color, R-Q-B 

108-132 Vac • 1. 1 Amp 
216-264 Vac • 0.6 Amp 

Type Color, R-Q-S 

Phosphor 

Power 
VRV02-AA 

CRT 
a.c.eyboard Int,. 

VRV02-AB 
CRT 
Keyboard Int,. 

wi Keyboard It Int.r~ac. 

108-132 Vac • 1. 1 Amp 
90-128 Vac • 1. 5 Amp 

216-264 Vac • 0.6 Amp 
180-256 Vac • 0.8 Amp 

1-13 



f 
SYNC 
VOLTAGE 

BLANK 
LEVEL 

1 
MAX. VIDEO 
VOLTAGE 

SYNC LEVEL 
---.... ----.... +--(O.OVDC) FALL TIME 

Figu-re 1-2 
Composit. Vid.o Output W.v.~o-rm 
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TGR ---.l 
0.80 JJ. SEC -I 

I 

I I FRONT PORCH 14 1.589 JJ. SEC 
I 

--.t r TCH 
I -, I 

I I 
I I 

I 

- HORIZONTAL SYNC -- BACK PORCH ~ -
4.767 JJ. SEC 9.644 JJ. SEC I 

~---------------HORIZONTALBLANK--------------~j~ 
16.0 JJ. SEC 

TCH = DELAY TIME BETWEEN LEADING EDGE OF GRAPHIC SYNC 
AND EXTERNAL SYNC APPLIED AT VIDEO MIXER INPUT. 

TGR= DELAY TIME BETWEEN LEADING EDGE OF H. BLANK TO 
LEADING EDGE OF FIRST GRAPHICS PIXEL. 

Figur. 1-4 
Ext.rnal Yid.o Input R.gistr.tion 
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50 HZ OPERATION (NONINTERLACE SHOWN) 
256 VISIBLE LINES 

~81 I} 314 .... ____________ ... 261/2 LINES 

LINE 0 

256 VISIBLE LINES 

256 ~ ___________ _ 

2711 ~ ___________ .... 1 } 16 LINES 

~~~ I I } 16 LI~ES (MONITOR RETRACE) 

;~~I ... ____________ '} 61/2 LINES 

LINE 0 

240 VISIBLE LINES 

239 ~ ___________ ---" 

240 I I } 
255 '== .................... = ......... =======~- J 

16 LINES (MONITOR RETRACE) 

60 HZ OPERATION (NONINTERLACE SHOWN) 

240 VISIBLE LINES 

Figu"e 1-5 
Svste. Monitor Visible Lines - 50/60 Hz 

(Noninte"laced Op.ration) 
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1. 5 REL~TED DOCUMENTS 

The publications listed in Table 1-3 supplement the information 
i n - t his ma n u a 1. 

Publication 

Table 1-3 
Related Publications 

Document Number 

VSV11 Field B-TC-VSV11-0-1 Shipp.d with 
Maintenance I Unit 
Print Set I 

1------------------- --------------------f-----------------
VS11 Field , B-TC-VS11-0-1 , Shipped with 

Maintenance I I Unit 
I Print Set , 
,------------------- --------------------,-----------------, 
: VT100 User Quide EK-VTI00-UQ , Avail.bl. in 

: Hard Cop y *...:. 
1------------------- --------------------1-----------------

VT100 Technical EK-VT1 OO-TH In Micr~9ich. 
Manual LibrorYi* 

Available in 
Hard Copy ** 

DWll UNIBus-to- EK-DWIIA-IN In Microfiche 
LSI-1i Bus Library;* 
Converter 
Installation 
Quide 

Installation, 
Operation and 
Maint&iianCir 
Manual for Model 
HM-2719/2713 
Color Monitor 

Available in 
H.rd Copy ** 
Hitachi 
Publication. 

Shipped with 
Color Systems 

* For in'ormation concerning micro'iche libraries contact: 

Digital E~uipment Corporation 
132 Parker Stre.t 
Maynard, HA 01754 

Digital E~uipment Corporation 
444 Whitney street 
Northboro, HA 01532 

ATTN: Printing and ,Circulation Servic.s 
Customer Services Section 
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CHAPTER 2 

VSVll/VSll INSTALLATION PROCEDURE 

The procedures in this Chapter are provided to allow the Field 
Engineer to successfull~ install a VSVII Graphic System on an 
LSI-11 computer system or a VSll Graphic System on a PDP-II or 
VAX-II system. 

The detailed step-by-step procedure given in tne Tollowing 
paragraphs applies to all standard VSVI1/VSll models which 
contain only one M7061 Sync Generator module and one or two M7062 
Image Memory modules. For special "extended" configurations, 
containing 2 or more Sync Generator modules or 3 or more Image 
Memor~ mociules refer first to Paragraph 2.8. Installation of 
these extended configurations can be carried out one memory/sync 
channel at a time, using the detailed procedures given in 
Paragraphs 2.1 through 2.6. 

The procedures given below standardize the installation and setup 
of VSVI1/VS11 systems such that any basic system, whether it uses 
one or two memory modules or must be set up to special customer 
requirements. wiii contain one memory channel capable of 
displaying 16 colors or intensities. For the case 09 a single 
Image Memory module, illustrated .in the block diagram of Figure 
2-1, the mode will be Non-Interlaced, wlth the-Omemory supplying 4 
bits of pixel data in a512 x 256 array. With two image memory 
modules, shown in Figure 2-2, the mode wi 11 be Interlaced, wi th 
each memory module supplying 2 bits of the 4 bits of pixel data 
in a 512 x 512 pixel array. Furthermore, standard settings for 
blink rate. cursor size and color. and operating frequency are 
used during initial installation. A,ter the system is 
successfully installed using the standard setups. various 
optional changes can be made to tailor the system to customer 
needs (Paragraph 2.6). The use of a standard initial setup will 
facilitate troubleshooting should trouble occur. 

In order to install the standard units, the following 
performed; they are covered in detail in the 
paragraphs: 

1. Unpack and inventory the components. 

steps are 
succeeding 



2. Inspect the computer sVltem .nd verifv th.t .ppropriate 
space and power .re .v.il.blel .lso determine device 
and vector .ddresses to be used. 

3. Prepare the displ.V monitor (i' supplied) bV verifving 
ac po~er selection. Then, use the ke~bo.rd SET-UP 
functions to set initi.l oper.ting p.ra.eters. 

4. Verif~ and/or set up the switches .nd Ju.pers on the 
logic .odules to stand.rd settingl. (During initial 
install.tion. the systeM il .et up to have one memor~ 

channel suppl~ing 16 levels of color or intensitVJ 
stand.rd settings are .110 used for Cursor size and 
color, and for Blink rate. After initial checkout, 
customer changes can be made. ) 

,. If the unit is a VSll, install the DDVll-CK backplane 
and UNIBUS-to-LSI-ll BUI Converter. 

7. Install the logic module, and DeUS Data Cable. 

B. Connect the Displa~ Monitor and ~o~stick to the logic 
modules. 

9. Check out the svstem using the supplied diagnostic 
programs. 

10. If n.c.ssar~. perform customer-requested set-up of 
optional functions via reconfigur.tion of switches and 
Jumpers on the logic moduiesl check these out using the 
diagnostic program. 

11. Perform final routing of cables and secure mounting box 
covers. 

12. Perform unit acceptance using th. diagnostic program. 

Perform the installation bV executing in sequence each of the 
activitie. described in the following paragraphs. If trouble is 
encountered during an~ step, refer to the troubleshooting 
procedures in Chapter 7. 
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Figur. 2-1 
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Singl.-M.morv Non-Int.rl.ced Installation Block Diagram 
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2. 1 UNPACKINQ ~ INVENTORY 

A. Obtain the Shipping List for the VSV11 or VSll model at 
hand and verif~ that it is what the customer ordered. 

B. Open each cart9n. 

C. Turn to Appendix A of this manual .nd find the Parts/Data 
sheet for the VSVll 01' VSll .t hand; thar. is one sheet 
for each .v.ilable VSVll or VSll model t~pe . 

D. • Unpack each carton and verify that .11 piec.. have 
received by comparing against the parts list in 
appropriate Parts/Data sheet. 

2.2 SYSTEM INSPECTION 

A. Installation Site Considerations 

The following items must be considered before the VSVll or 
VSll option can be installed: 

1. Physical and Elect~ical placement on the bus (LSI-ll 
Bus 01' UNIBUS). with respect to: 

(a) System Compatibility (LSI-ll Bus) the VSVll 
cannot be installed on an LSI-ll system that has 
options which r.~uir. the use of External Memory 
Refresh. 

(b) NPR Priority -- place VSVll/VSll toward end of bus 
if possible. 

(c) Option mounting space re~uirements -- refer to the 
appropriate Parts/Data sheet in Appendix A for 
physical space re~uirements. For example, a VSV11 
option re~uir.s 3 or 4 adJacent slot~ in an LSI-II 
Bus backplane. while a VSll option re~uires a 
~uad-height SPC slot on the UNIBUS plus space for 
a 4-slot, hex-height DDVll-CK backplane in the 
same mounting box as the aforementioned SPC slot. 

2. Device Address and Interrupt Vector Address The 
VSV11 or VS11 re~uires assignment of four consecutive 
device addresses (words) in the LSI-II Bus or UNIBUS 
I/O Page. It re~uires a block of 4 interrupt vectors 
(8 words total) beginning on an address evenly 
d i vis i b I e by 16 (20 oct ai, h a vi n g bit 5 3-0 =- 0). 

The "standard" VSV11/VS11 device address. assigned by 
Digital E~uipm.nt COl"pol".tion, is 772000 for the first 
unit, 772010 for the second unit. etc. The VSV11/VSll 
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interrupt vectors .re offici.lly .ssigned to the 
"flo.ting" .ddress sp.ce with • rank of 17. 

If. on computer systems running software designed to 
"Auto-configure" the interrupt vector addresses (such 
as VAX-VMS), a device is placed at its standard device 
address. the interrupt vector addresses of all other 
devices with lower rank in the floating vector space 
must be moved to higher addresses. For example, if the 
VSll is added to a VAX system at its standard address 
(772000), the vectors on Any DZll's on the system must 
be moved. Th-erefore, ~ nord er to s imp I i fly ins tallat ion 
it is recommended that the VS11 device registers be 
placed at a non-standard address and use a non-standard 
interrupt vector address. The following are 
recommended (if they are not already being used): 

DEVICE ADDRESS (OPC) = 767010 (octal) 
1st INTERRUPT VECTOR = 720 (octal) 

3. Power Re~uirements 

(a) DC Power -- Refer to the appropriate Parts/Data 
Sheet in Appendix A. 

(b ) AC Power -- The display monitor 
associated e~uipment) re~uires a 
ac power with GROUND ~ NEUTRAL 
mainframe computer system. 
appropriate PartslData Sheet in 
outlet supply re~uirements. 

(CRT screen and 
source of primary 
the !Am.!. U the 
Refer to the 
Appendix A for 

4. Monitor Placement The placefLlft~\: C't~ the display 
m 0 nit 0 ran d JOY s tic k wit h res p • c t tot ~~ ~ vsv ~ 1 I VS 11 
logic in the host computer is limited by the length of 
Monitor (Video) and ~oystick cables supplied. Refer to 
the Field Maintenanc. Print Set to determine the length 
of cable supplied (typically 25 feet), Of this length, 
allow about 7 feet for routing of the cable within the 
cabinet. For example, with a 25 foot cable, the 
monitor can be placed up to 18 feet from the host 
mainframe. 

3. Serial Communications Connection (if Display Monitor, 
VT100-LA/LB or VRV02-BA/BB is supplied as part Qf the 
VSV11 o~ VS11 option) Determine if the serial 
connection to the computer system will be by 20mA 
Current Loop (standard setup for VRV02-BA/BB) or by EIA 
RS-232 (standard for VT100-LA/LB). Also determine what 
baud rate ~ill be used for serial communication. 
Verify th.t the appropriate customer-supplied 
communication cable is available. 
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B. Identifv the mounting bOI destined to receive the VSVll 01" 

VS11 logic module. <and backplane if VBll) .nd verif~ th.t 
it Meet. the re~uirements of the Consideration. given 
.above. 

2.3 EOUIPMENT PREPARATION 

A. Displ.V Monitor Prepar.tion 

If no monitor is included with the VS11/VSV11, pToceed 
directlv to Paragraph B. 

If the VSV11 or VS11 option being installed include. • 
Display Monitor (VT100-LA/LB or VRV02-BA/BB), one of the 
following procedures should be followed. Proceed to step 
A. 1 if the monitor is VT100-LA 01" VT100-LSi 01" if the 
monitor is VRV02-BA or VRV02-BB, pToceed to Step A.2. 

A. 1 If VT100-LA 01" VT100-LB: 

1. Move the unit (CRT Monochrome Displav Monitor. 
cord, and Ke~board) to its .ssigned location. 

poweT 

2. Check the Voltage Select switch on the real" of the unit 
fOT propel" setting: 

VT100-LA: 
VT100-LB: 

120V 
240V 

3. The standard interface is EIA RS-232 seTial 
communications to the terminal interface on the host 
computer. If 20mA signa 1 level s are reClu ired, th e 
VT1XX-AA 20mA Current Loop Option must be oTdered; 
refer to the VT100 USER GUIDE (EK-VT100-UQ) fOT 
installation and checkout procedures . 

• 
4. Plug the coiled Kevboard connection cable into the 

KEYBOARD receptacle (phone Jack.) at the rear of the CRT 
Monitor cabinet. 

5. Attach the power cord to the 3-pin receptacle at the 
rear of the CRT Monitor cabinet, and plug the other end 
into the deSignated soyrce of primary ac power. 

6. Turn the power ON with the toggle switch at the Tear of 
the CRT Monitor cabinet and allow several seconds for 
warm-up. 

7. Press the SETUP keV on the keyboard; the recognizable 
SETUP frame should appear. Place the unit in LOCAL 
mode ("4" key) and press SETUP again. Type a fetll kevs 
and verify that tha ccrre~ponding character~ appear on 
the screen. 
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8. Referring to the SETUP guidRline. pre.ented in Appendix 
C. set the monitor features according to VSV11/VS11 and 
user re~uirements. Specificall~. note that the 
Transmit and Receive baud rate •• ust ~.tch those that 
wiJI b. used for th. serial communication link to the 
~ainfr.m. computer. Two Setup options must be 
specificall~ configured for the Model of VSV11 or VSll 
at h an d ; the sea ret h • h 50 /60H z" apt i on (1 a s t dig ito f 
the 4th option g~oup of SETUP-B) and the "Interlace/ 
Non-Interlace" option (I~.t digit of the 3rd option 
group of SETUP-B L The.R must be set up as shown in 
Tab Ie 2-1. 

Model 

VSV11-AE 
V511-AE 

---------
VSV11-AF 
VS11-AF 

----------
VSV11-AH 
VS11-AH 

----------
VSV11-A~ 
VSll-A~ 

Table 2-1 
VT100-LA/LB SRt-Up 

50/60Hz 

60Hz 
(4 !.ll,Q) 

----------
50Hz 
(4 !.J..!.l) 

----------
60Hz 
(4 xxxO) 

----------
50Hz 
(4 x x xl) 

Interlace/Non-Interlace 

Non-Interlace 
(3 xxxO) 

Non-Interlace 
(3 xxxO) 

Interlace 
(3 .!..!41) 

Interlace 
(3 xxx1) 

9. When all SETUP parameters have b •• n selected, press the 
"SHIFT" and US" ke~s simultaneousl~ (whil~ ~~ill in 
SETUP mode) to store the parameters. 

2-7 



A.2 If VRV02-BA or VRV02-BB: 

1. Mov. th. unit (CRT Color Di~pla., Monitor, Keyba~"d 
Inte"f.c. A~s •• bl", twa paw.r cards •• nd Ke.,bo~"d) to 
its assigned location. 

2. The standard int."f~ce is 20mA .eri.1 ca .. unicatians to 
the terminal inter'ace an the host camput.r. If EIA 
RS-232 signal levels ."e "e~uir.d. turn to App.ndix B 
and follow the canve"sian p"ocedur. described the"e. 

3. Check the Voltage Select switch on the rear of the 
Keyboard Int."fac. unit for proper setting: 

VRV01-BA: 
VRV02-BB: 

120V 
240V 

4. Plug the coiled Keybaa"d connection cabl. into the 
receptacle (phone Jack) at th. lo~er right on the ,,,ant 
of the CRT Manito" cabinet. 

3. Connect the cable exiting the rea" of the CRT Monitor 
cabinet to the KEYBOARD Jack an the Keyboard Inte"fac. 
unit. 

6. The CRT Monitor and the Keyboard Inte"f, ce are each 
supplied with an ac powe" co"d. Connect 1. respective 
pow.r cord to the rear of each unit (3-pin receptacle) 
and to the source of ac power. Note again that the 
Ground and Neutral conductors of the ac outlet~ must b. 
the same as those for the mainf"ame computer s.,stem. 

7. Obtain the 4-conductor Monitor Co.xi.l cable assembl., 
(with BNC connectors on both ends) and identify the 
conducto" marked with the black band. T.mpa"arily 
connect this conductor between the VIDEO OUT BNC Jack 
on the Keyboa"d Interface unit and one of th. GREEN 
inputs an the rear of the CRT Monitor cabinet. 

8. Make sure that the twa toggle switche. on the rear of 
the CRT Manito" cabinet are bath UP ("75 OHM" and 
"COMP. SYNC 1I ). 

9. Turn the powe~ ON with the toggle switch at the front 
of the CRT Monitor cabin~t and the toggle switch on the 
Keyboard Interf~ce unit. Allo~ seve"al seconds for 
warm-up. 

10. Press the SETUP key on the keyboard; the recognizable 
SETUP frame should appear. Place the unit in LOCAL 
mode ("4" key) and press SETUP again. Type a few keys 
and verify that the corresponding charact.rs appear on 
the 5Creeii. 
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11. Referring to the SETUP guideline. pre.ented in Appendix 
C, set the monitor feature. according to VSV11/VSll and 
user req,uirementiJ. Specificallv, note that the 
Tr.nsmit and Receive bAud r.te •• ust match those th.t 
~ill be used for the seri.l communication link to the 
mAinfr •• e computer. Two Setup options Must be 
specificAIIV configured for the model of VSVll or VSll 
at handi the.e are the "SO/60Hz" option (the l.st 
digit of aptian group 4 under SETUP-B) and the 
"Interlace/Nan-Interl.ce" option (the last digit of 
option gruu"p 3 under SETUP-B)' The.e must be set up as 
.ho~n in Table 2-2. 

Model 

V8Vll-AP 
VSI1-AP 

----------
VSVII-AR 
VSII-AR 

----------
VSVll-AS 
VSll-AS 

----------
VSVl1-AT 
VSII-AT 

Table 2-2 
VRV02-BA/BB Set-Up 

50/60Hz 

60Hz 
(4 ll!.Q,) 

----------
50Hz 
(4 xxxl) 

----------
60Hz 
(4 !..!..!.2.) 

----------
50Hz 
(4 !..U.1.) 

Interlace/Nan-Interlace 

Non"-"Interl.ce 
(3 xxxO) 

-------------------------~ 
Non-Interlace 

(3 !..!.! .. Q) 

Interlace 
(3 .u..tl.) 

Interlace 
(3 !..!.!.l.) 

12. When all SETUP parameters have been selec.:t~~, .~r'ass the 
"SHIFT" and "s" keys simultaneously (while still in 
SETUP mode) to store the pa~ameteTs. 

13. Leave the monitor ON to allow for the 30-minute warm-up 
time req,uired for"accurate graphic displays. 

14. Proceed to Paragraph B. 
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8. Module Setup/Verification 

Tbe logic ~odules used in the VSVII or VBll are prepared 
for installation as follows: 

B.l M7064 Displa~ Processor Module 

The M7064 is the VSV11/VSll interfAce to the host 
COMputer's bus. A •• uch, it cont.ins a .et of four device 
registers and can gen.rate four consecutive interrupt 
vectors. The address of the set of device regi.ters is 
.elected by configuring the .witches on DIP-Switch pack 
E31i the address of the set of interrupt vector. is 
select.d by configuring the .witche. on DIP-Switch pack 
E43. Figures 2-3 and 2-4 illu.trate the selection of the 
Device Address and Vector, respectivel~. Figure 2-~ 
illustrates the M7064 module, showing the locations of the 
DIP-Switch packs. 

Refer to the Consideration. giv.n in Paragraph 2.2 to 
assign the Devica Addres. and Interrupt vector. 

Figures 2-3 through 2-~ give the 
Device Address (Ope) of 772010 
AddT'ess of 320. 

NOTE 

switch setting. for a 
and an InteT'rupt Vector 

If the switches are of the "rocker- tvpe. a switch 
is OFF if it is pushed in at the bottom (red line 
showing on top); it is ON if it is pushed in at 
the top. 

When the assignments have b •• n made. record the information 
'or future reference. 
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Figure 2-4 
Vector Address Selection 
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FiguT'e 2-:5 
M7064 Displ.~ Processor Module 
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Image Memory setup depends upon the model of VSVll or VSll 
being inst~lled, depending upon whether one or two M7062 
modu'es are present. If one module i. u.ed. it is set up 
for 4 bits, Non-Interlaced. If two are u.ed. the setup is 
for 4 bits. oper~ting in the Interlaced mode. with each 
Module handling two bit •. 

If the unit contains 2nL "7062 module (VSVll/VS11-AA, -AB, 
-AE, -AF. -AP, -AR), refer to Figure 2-6 and configure the 
switches on DIP-Switch packs E~9 and E49 according to Table 
2-3. 

NOTE 

If the switches are of the "rocker" type. a switch 
is OFF if it is pushed in at the bottom (red line 
s hoWl i n g 0 n to Ii ) i i tis ON i fit i s pus h • d i fI • t 
the top. 

Table 2-3 
1'17062 Switch Settings (Single Memory) 

Swi tch No. E59 E49 

1 OFF OFF 
2 OFF OFF 

3 ON ON 
4 ON ON 
5 ON ON 
6 ON ON 

7 • OFF OFF 
B OFF OFF 
9 OFF OFF 

10 OFF OFF 

Nate. as a double check. that the switches on E59 and E49 
are set identically. 

On all M7062 modules. regardless of VSV11/VS11 model, 
verify the fol10~ing Jumpers: 

W1, W2, W5, and W6 Installed 
W3 and W4 Removed 
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Figura 2-6 
M7062 Im.ge Memorv Module 
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If the 'unit contains two 117062 module. (VSV11/VS11-AC. -AD. 
-AH. -A~, -AS. -AT), verifv that resistor packs are 
installed on at least one of the "7062 modules at IC 
locations E76 and E77. If both modules have resistor packs 
inst~lled, take one of the modules with the p.cks installed 
~nd design.t~ this the "first" "7062 Image ".mor~ 
("Module 1"). Remove the re.i.tor packs from E76 and E77 
an the ather "7062 .nd designate this the "second" "7062 
("Module 2"), Refer to Figure 2-6 and configura the 
switches on DIP-switch packs E59 and E49 an the modules 
according to Table 2-4. 

NOTE 

If the switches are of the "rocker" tvpe, a .witch 
is OFF if it is pushed in at the bottom (red line 
showing an tap); it is ON if it is pushed in at 
the tap. 

Table 2-4 
1'17062 Switch Settings (Dual l1em("~·v ) 

, Module 1 Module 2 

Swi tch No. E59 E49 E~9 E49 

1 ON ON ON ON 
2 ON ON ON ON 

3 ON ON OFF OFF • 
4 ON ON OFF OFF 

5 OFF OFF c ON ON 
6 OFF OFF ON ON 

7 OFF· OFF OFF OFF 
B OFF OFF OFF OFF 
9 OFF OFF OFF OFF 

10 OFF OFF OFF OFF 

Note that within a single module. the switches on E59 
E49 should be set i d en tic a IllJ . 

and 

On all 117062 modules, reg.rdless of VSV11/VS11 madel, 
verifv the following Jumpers: 

W1, W2. W~, and W6 Installed 
W3 and W4 Removed 



Setup of the switch •• and Jumpers on the M7061 d.pends on 
the specific VSVll or VSll model .t h.nd, .etup is 
directl". rel.ted to whether one M7062 I .. g. He .. oya~ .odul. 
is being used or twa M7062 Im.ge Me.or" Modules .re being 
u.ed, ~hether • Di.pl." Monitor (VT10o-LA/LB or 
VRV02-BA/BB) is supplied ~ith the s"ste., and whether the 
ac po~er fre~uencv is 60Hz or ~OHz. 

Figure 2-7 111ustrat.s the locations of the DIP-Switch pack 
(E2I) and the various JumpeTs. Ther • • r. eight tabl •• 
presented below, listing the switch and Jumper settings for 
each VSVII and VSll model .s follo~s: 

Table 2-5: VSVII-AA. VSI1-AA 
Table 2-6: VSVI1-AB. VSlI-AB 
Table 2-7: VSV11-AC. VSlI-AC 
Table 2-8: V9VI1-AD, VSll-AD 

. Tab Ie 2-9: V9Vl1-AE, VSI1-AE, V5Vl1-AP, VSII-AP 
Table 2-10: V9VI1-AF. VSll-AF, VSVI1-AR, VSl1-AR 
Table 2-11 : V9V11-AH, VSI1-AH. VSVII-AS. VSI1-AS 
Table 2-12: VSV11-A~. VSll-A~, VSVll-AT, VSII-AT 

Determine the model number of the unit being installed and 
proceed to the appropriate table; refer to Figure 2-7 and 
set the s~itches and Jumpers as .pecifieJ. After all 
switches and Jumpers have b.en configured and verified, 
proceed to step 8.4 

Note that models ~ithout a .upplied monitor (V5VII/VSlt-AA, 
-AB. -AC. and -AD) are set up 'or Internal 9Vnc, ~hil. all 
other model. are .et up for External S"nc. Furthermore. 
models with ana M7062 Imag. H.mor~ module aTe •• t up for 
Non-Interlaced moda, ~hil. modal. ~ith t~o "7062 Image 
Memor~ module. are .et up for Nan-Interlaced mode. 

NOT.E 

If the switches .re 0' the "rocker" tvpe. a switch 
i. OFF if it is pushed in at the bottom (red line 
showing an tap); it i. ON if it is pushed in .t 
the tap. 
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T.bl. 2-~ 
M7061 Switch • ~ump.r Setup for VSV11/VSI1-AA 

[60Hz Svstems ~I One (1) "7062 Imag. "e.orv .nd 
No Supplied Monitor] 

E21 Sw i t c h No. Setting ~u.p.r No. st.t. 

1 OFF WI OUT 
2 ON W2 IN 

W3 OUT 
3 ON W4 IN 

4 OFF W~ OUT 
5 ON W6 IN 

W7 OUT 
6 ON we IN 

7 OFF WI0 IN 
8 ON Wll IN 

9 ON W12 IN 
10 ON W13 IN 

W14 IN 

W16 IN 
W17 IN 

W19 IN 

W21 OUT 
W22 IN 

NOTE: ~ump.rs W9 Wl~, W18 and W20 do not ex i st. 

2-18 



T.ble 2-6 
M7061 Switch • ~umper Setup for VSV1l/VSll-AB 
[~OHz Svst.ms wi On. (1) M7062 1 •• ,_ Memorv .nd 

No Supplied Monitor] 

E21 Swi tch No. Satting ~u.p.r No. St.t. 

1 ON Wl OUT 
2 OFF W2 IN 

W3 OUT 
3 ON W4 IN 

4 OFF W5 OUT 
5 ON W6 IN 

W7 nUT 
6 ON we IN 

7 OFF W10 IN 
S ON W11 IN 

9 ON W12 IN 
10 ON W13 IN 

W14 IN 

W16 IN 
W17 IN 

W19 J.~ 

W21 aUT 
W22 IN 

NOTE: ~ump_rs W9, Wl!5, W1S, .nd W20 do not ex i st. 
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T.ble 2-7 
M7061 Switch • ~u.per Setup for VSV11/VS11-AC 

[60Hz SV.t ••• ~I T~o (2) M7062 Im.ge M •• ort ••• nd 
No Suppli.d Monitor] 

E21 8 .. 1 tch No. 

1 
2 

3 

4 
5 

6 

7 
S 

9 
10 

OFF 
ON 

OFF 

OFF 
ON 

ON 

OFF 
ON 

ON 
ON 

WI 
W2 
W3 
W4 

W5 
W6 
W7 
we 

Wl0 
Wll 

W12 
W13 
W14 

W16 
W17 

W19 

W21 
W22 

OUT 
IN 
OUT 
IN 

OUT 
IN 
OUT 
IN 

IN 
IN 

IN 
IN 
IN 

IN 
IN 

IN 

OUT 
IN 

NOTE: ~ump.r~ W9 Wl~, W1S, And W20 do not exist. 
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Table 2-8 
"7061 Switch II ~umper Setup for VSV11/VS11-AD 

[~OHz Svste •• wi Till a (2) M7062 Image M.mori •• and 
No Supplied Monitor] 

E21 S ... itch No. t Setting ~u,.p.r No. t state 

1 ON W1 OUT 
2 OFF W2 IN 

W3 OUT 
3 OFF W4 IN 

4 OFF W~ OUT 
~ ON W6 IN 

W7 Ol'T 
6 ON we IN 

7 OFF W10 IN 
e ON W11 IN 

9 ON W12 IN 
10 ON W13 IN 

W14 IN 

W16 IN 
W17 IN 

W19 IN 

W21 OUT 
W22 IN 

NOTE: Jumpers W9, W15, W1S, and W20 do not exist. 
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T.ble 2-9 
M7061 Switch & ~u.per Setup for V6VII/VSII-AE, -AP 

[60Hz ·S~st.m. wI One (1) M7062 I •• ,e Me.arv .nd 
Supplied Monitor (VT100-LA or VRV02-BA)] 

E21 Swi tch No. 

1 
2 

3 

4 
5 

7 
8 

9 
10 

Setting 

OFF 
ON 

ON 

OFF 
ON 

ON 

ON 
OFF 

ON 
OFF 

~u",p er No. 

WI 
W2 
W3 
W4 

W~ 

W6 
W7 
we 

WI0 
Wll 

W12 
W13 
W14 

W16 
W17 

W19 

W21 
W22 

OUT 
IN 
IN 
IN 

OUT 
IN 
OUT 
IN 

IN 
IN 

IN 
IN 
IN 

IN 
IN 

IN 

OUT 
IN 

NOTE: ~umpers W9, Wl~, WIB and W20 do not exist. 
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T.bl. 2-10 
M7061 Switch • ~u.p.r S.tup for VSV11/YSI1-AF, -AR 

['OHz Svst •• s wI On. (1) M7062 1 •• 1. M •• orv .nd 
Suppli.d Monitor (VT100-LB or VRV02-BB)] 

E21 S..,i tc h No. 

1 
2 

3 

6 

7 
B 

9 
10 

ON 
OFF 

ON 

OFF 
ON 

ON 

ON 
OFF 

ON 
OFF 

~u.p.r No. 

WI 
W2 
W3 
W4 

W~ 

W6 
W7 
we 

Wl0 
Wl1 

W12 
W13 
W14 

W16 
W17 

W19 

W21 
W22 

OUT 
IN 
IN 
IN 

OUT 
IN 
OUT 
IN 

IN 
IN 

IN 
IN 
IN 

IN 
IN 

TN 

OUT 
IN 

NOTE: ~ump.rs W9 Wl~, W1B .nd W20 do not .Iist. 
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TallIe 2-11 
"7061 Switch • ~u.per Setup fo~ VSY11/V811-AH. -AS 

[60Hz SV.t ... ~I Two (2) K7062 Image ".mo~ie. and 
Supplied "onitor (VT100-LA or VRV02-BA)] 

£21 S..,i tch No. 

1 
2 

3 

6 

7 
B 

9 
10 

Setting 

OFF 
ON 

OFF 

OFF 
ON 

ON 

ON 
OFF 

ON 
OFF 

W1 
W2 
W3 
W4 

W~ 

W6 
W7 
we 

W10 
W11 

W12 
W13 
W14 

W16 
W17 

W19 

W21 
W22 

OUT 
IN 
IN 
IN 

OUT 
IN 
OUT 
IN 

IN 
IN 

IN 
IN 
IN 

IN 
IN 

IN 

OUT 
IN 

NOTE: ~ump.rs W9, W1~, W18, and W20 do not exist. 



T.bl. 2-12 
117061 Switch Ie "u.p.,.. S.tup fa,.. VSV11/VSll-A", -AT 

[50Hz S~stems ~I Two (2) 117062 I •• ge ".mori •• and 
Supplied Manito,.. (VT100-LB or VRV02-BB)] 

E21 S..,itch No. S.tting "u.p.,.. No. State 

1 ON W1 OUT 
2 OFF W2 IN 

W3 IN 
3 OFF W4 IN 

4 OFF W~ OUT 
~ ON W6 IN 

W7 OUT 
6 ON we iN 

7 ON WI0 IN 
e OFF W11 IN 

9 ON W12 IN 
10 OFF W13 IN 

W14 IN 

W16 IN 
W17 IN 

W19 TN 

W21 OUT 
W22 y .... ... ~ 

NOTE: ~ump.r. W9 Wl~, W18, .and W20 do not el i st. 

B.4 "8217 UNIBUS to LSI-ll Bus Conv.rter Module (VSll Onl~) 

The 118217 contains a Bu.-Q,..ant Jumper Plug. If the BR 
level on the plug do •• not co,..r.spond to the desi,..ed VS11 
BR l.vel, ,.. •• ov. the plug and install on. of the de.i,...d 
l.v.l. 



2.4 OPTION INSTALLATION 

A. At this point, t.ke the time to fam11i.rize ~our.elf ~ith 
- the VSYll .nd VSII Field Maintenance Print Set .hipped ~ith 

the unit. Sp.cific.ll~, in.p.ct the follo~ing dr.wing.: 

C-IC-VSY11-o-4 
D-UA-VSV11-0-0 
D-UA-VS11-o-0 

(Interconnection Di.gr.m) 
(Unit A •••• blV) 
(Unit A •• emblv) 

In .ddition, if the unit i •• VSll. beco.e f.miliar with 
Figure. ~-B through 2-12 in this .ection depicting the 
mounting of the DDV11-CK backpl.ne in various t~pes of 
mounting bale.. The DWII In.t.ll.tion Quide. EK-DW11A-IN, 
c.n .1.0 be consult.d if de.ired. 

B. If the unit being installed i. a VS11, perform the 
fol10~ing steps: 

1. Mount the DDVI1-CK in the designated mounting bOI 
(refer to Figures ~-8 through 2-11 ~or the t~pe of bOI 
at h.nd). Although nat illustrated, installation of 
the DDY11-CK into. BA11-A bOI is similar to that for 
the BAll-K. 

2. Connect the po~er harness to the nearest outlet on the 
mounting bOI de power distribution blo~k. If the bOI 
is a BA11-F or BAI1-P, use the Power Harness Adapter 
Cable (.70-16830) a. an extension in order to reach the 
block. 

3. Test for shorts betwe.n the following backplane Power 
and Qround pins: 

A2 (AnV slot) - +~V 
C2, Tl (Any slot) = GROUND 
51 (Slot 1, Rows A or B) - +13V 
D2 (AnV slat, Raws A thru D) - +12V 
U2 (Row E, slat 1) = -5V 

4. Install. 07272 Orant Continuity Card in slots A2 and 
A3 of the DDV11-CK backplane (Figure 2-12). 

NOTE 

M.ke certain that the Grant Continuity Card i~ 
• G7272, for use an the LSI-II Bus, and NOT. 
G727 UNIBUS Grant Continuity Card. U~e of a 
G727 will prevent proper bus operation. 
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~. Locate the SPC slot on the UNIBUS design.ted to hold 
the M8217 UNIBUS to LSI-ll Bus Converter Module and 
re.ove the NPQ Jumper between b.ckpl.ne pins CAl and 
CBl Ci. e., pins Al and Bl in Row C of the UNIBUS 
b.ckplane slot>. 

6. Refer to drAwing 
BCO~L-06 cable. 
(.J1 and J2), 

D-UA-VSll-0-0 and connect the two 
to the connectors on the M8217 module 

7. Install the M8217 .odul. into the UNrBUS SPC slot 
. (F i g ur e 2-12), 

B. Refer to drawing D-UA-VSll-0-0 and connect the t~o 
BC05L-06 cables to the M9403 Connector Module. Note 
that the cab~e connected to the Top connector on the 
M8217 (..11. nearest the handle of the module) connects 
to the Bottom connector on the M9403 (..11. nearest the 
finger end of the module) and vice versa. When both 
modules are facing the same direction and in the same 
orientation, the cable. should be togethQr with no 
twists. 

9. Install the M9403 module into slots Al-Bl of the 
DDVll-CK backplane (Figure 2-12). 

10. Turn on system power and verifv that the following 
voltages are present on the DDVll-CK and ~ithin ~5X of 
~heir nominal values: 

+5Vdc (Pin A2, any slot) 
+ 15Vd C (P in AS 1, slot 1) 
+12Vdc (Pin CD2. slot 1) 

Not. the level of the +12Vdc signal; if it is out of 
range, the regulator on the M9403 must b. adJusted by 
turning the potentiometer near the handle of the M9403. 

11. Verify that the computer s~stem's UNIBUS is not hung 
(i. e., that the computer can be "booted" and run normal 
programs) . 

12. Power the system down and proceed to the next step. 
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SYSTEM UNIT 
POWER 

DISTRIBUTION BACKPLANE 
PANEL (NOTE) POWER 

HARNESS 

BACKPLANE 
PINS 

DDVll BACKPLANE ASSEMBLY ROW -+ 1 

BA 11·F BOX·· 

NOTE: 
THE DWll OPTION CANNOT BE INSTALLED 
INTO PDP·ll/45 PROCESSORS WITH SERIAL 
NUMBERS BELOW 2000 BECAUSE OF THE 
DIFFERENT TYPE CONNECTORS ON THE 
SYSTEM UNIT POWER DISTRIBUTION 
PANEL. 

Figul". 2-8 

MOUNTING 
SCREWS 

MR·0731 

Installing DDVI1-C~ Backpl.n. Into BA11-F Box 
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SYSTEM 
UNIT 
POWER LATCH 
DISTRIBUTION 
PANEL 

BACKPLANE 
POWER 

HARNESS 

BACKPLANE 
MOUNTING 

SCREWS 

ROW'" 

TOP COVER 

BA 11·P BOX 
(REAR VIEW) 

Ftgul'. 2-9 
Inst.lling DDVll-CK a.ckplane Into BAll-P Box 
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DDV 11 BACKPLANE ASSEMBLY 

MOUNTING 

SCREWS~ 

BACKPLANE 
PINS 

BACKPLANE 
POWER 

HARNESS 

SYSTEM UNIT 
POWER DISTRIBUTION 

PANEL 

Figu ... e 2-10 

FRONT 

BAl1·K BOX 
(SHOWN TI L TED 

UPWARD 90°) 

MR·07~ 

Inst.lling DDV11-CK Backplane Into BA11-K Box 
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BAll-L 
CARD 
CAGE 

SYSTEM UNIT 
POWER 

DISTRIBUTION 
PANEL 

BACKPLANE 
EXISTING POWER 

CARD 
CAGE 

MOUNTING 
HOLES (B) BACKPLANE (NOTE) HARNESS 

DDV11 
BACKPLANE 
ASSEMBLY 

CARD 
CAGE 

MOUNTING 
HOLES (8) 

H777 POWER SUPPLY 

NOTE: 
THE EXISTING BACKPLANE CAN OCCUpy 
EITHER THE UPPER OR LOWER BACK
PLANE POSITION ON THE CARD CAGE. 

Figu". 2-11 

EH9 S C!)(!) 
C!)sees 
eGG)0G 

[ill.s 
so 
eo 

G0f)C!)0 
«IeGf)S 
eGC!)Ge 

MA·0735 

Installing DDV11-CK a.ckplane Into BA11-L Box 
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PDP-l1 PROCESSOR 
MODULES 

M9403 
INSTALLED 
IN SLOTS 
A AND B OF 
ROW 1 

M8217 
INSTALLED 
IN SPC 
SLOT 

BC05L-06 
CABLES ~---+~..., 

GRAN T CO NT IN U I TV -----'--t'--"'P1_ .... 

CARDS (NOTE 2) 

TEVll (M9400-YB) 
INSTALLED 
IN SLOT NEXT TO 
AND AFTER LAST 
PERIPHERAL MODULE 

NOTES: 
1. IF UNIBUS BACKPLANE IS A DD11-B, -C, 

-0, OR -P, THE BACKPLANE MUST BE AT 
THE PROPER REViSION LEVEL. 

2. IF THESE SLOTS ARE UNUSED, G7272 
GRANT CONTINUITY CARDS MUST BE 
INSTALLED HERE. 

C o 

Figure 2-12 

E 

VS11 Qr~phic Svst •• S.sic Configur.tion 
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C. Module Set Installation 

The VSV11/VS11 module set ("7061, H7062, M7064) is 
installed in a backplane with two distinct buses: an 
LSI-l1 Bus, and a HC-D Interconnect". If the svste .. is a 
VSV11, the modules .re installed in an H9273-A backplane 
(01' equivalent), illustrated in Figure 2-13. This 
baCkplane contains nine ~ows; each ..,ith faur slots. The A 
and B slots are wired .ccording to the LSI-11 Bus 
Specification;. the VSVII interfaces to the host co.puter 
via these signals. The first backpl.ne row can contain 
either a central processor unit 01' • connector extending 
the bus from another backplane. If the first row contains 
a CPU, Jumpers WI through W3 must re •• in installedi if the 
first row contains a bus connector, Jumpers W2 and W3 must 
be removed. The connectors in slots C and D have no 
connections to the LSI-11 Bus. Rather, C- and D-Slot pins 
on side 2 of each row are connected to the C- and D-Slot 
pins on side 1 in the next lower ro~. This "C-D 
Interconnect" carries the Video Bus signals of the VSV11. 

VSll systems use the DDVI1-CK backplane, illustrated in 
Figure 2-14. This backplane also provide~ two distinct 
bus e s : an LS I -11 Bus (s lot s A, B, C , and D ~ an d a Vi d eo 
Bus ( s lot sEa n d F, the II C -0 In tel' c (J nne c t" ) . Th e VS 11 
modules must use the Video Bus, slots E and F, and 
therefore must connect to the LSI-l1 Bus in the C and D 
slots. Although the A-B slots can be used for other 
dual-height LSI-I1 Bus interface modules, it is recommended 
that this not be done. 

Figures 2-12 and 2-15 illustrate the configuration of 
modules within the DDV11 backplane, while Figures 2-16 and 
2-17 illustrate the configuration of modules wi~~in the 
H9273 backplane. Note that in all c.ses, the VSV11/VS11 
modules must be adJacent to provide the proper 
interconnec t. 

The VSV1I/VS11 module set is further interconnected via the 
40-conductor DBUS Data Cable connected to each module. 
Figure 2-18 illustrates the arrangement of the cable and 
its connection to each module, and Figure 2-19 shows the 
DBUS connector pin assignments. 

Referring to Figures 2-12 through 2-18 and Unit Assembl~ 

drawing D-UA-VSVI1-0-0. install the VSVl1/VSll module set 
into the designated backplane (DDVII-CK for VS11, existing 
LSI-I1-BUS backplane for VSV11) as follows: 

1. Make sure system power is OFF. 

2. Locate the modules (H7061. M7064, and one 01" two M7062) 
and the DBUS Data Cable (*70-15987). 
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3. R.fer to Figure 2-18 and insert one end of the DaUB 
cable into the 40-pin h •• der (~4) on the "7061 module, 
the red locating stripe on the cable should be near the 

- UU-VV end of the header. 

4. Insert the M7061 into its designated backplane row (in 
VSV11 s~ste.s, Figure 2-16 or 2-17, this row ~il1 be 
neare. t th e LSI-l1 proc eCiCior; in VS11 s~.t.m., Figure 
2-12 01' 2-1', this is Row 1, Slots C through F, of the 
DDVII-CKL 

~. Locat. the M7062 I",.g. Memor~ module wi th resistor 
packs installed in locations E76 and E77 Cin some 
VSV11/VSll systems, this will be the only M7062). If 
onl~ one M7062 is being inst.lled, insert the second 
"tap" connector (of the two "tap" connectors that are 
on the cable) of the DeUS cable Ca. counted from the 
end ins.rted into the M7061) into the 40-pin h •• der 
(~1) on the 1'17062, with the red loc.ting stripe located 
nearest header pins UU-VV. If two M7062 modules are 
being installed, insert the first tap connector of the 
Deus cable (the one nearest the M7061) into M7062 
header ~1. 

6. Refer to Figures 2-12 and 2-15 through 2-17 and 
the M7062 into the backplane row adJa~~nt 

"downstream ll from the M7061 (i. e. , the 
higher-numbered row). 

insert 
to and 

next 

7. If a second 1'17062 Image Memory i. being installed (it 
should have the resistor packs removed from positions 
E76 and E77), install the second DaUS cable connector 
tap into header ~1 (red locating stripe near header 
pins UU-VV); refer to Figure 2-1' (VSll) or 2-17 
(VSVll) and install the M7062 in the backplane row 
adJacent to the first M7062. 

8. Insert the free end of the DBUS cable into 40-pin 
header ~1 on the 1'17064 (with the red locating stripe on 
the cable nearest to header pins.UU-VV) and insert the 
1'17064 into the next backplane row. For VSII systeftt15, 
this will be row 3 in the DDVI1-CK if one M7062 Image 
Memory was installed, (Figure 2-12) and row 4 if two 
M7062's were installed (Figure 2-15). 

9. If the unit is a VSVll, make sure that the end of the 
LSI-ll Bus contains the proper terminator (in case the 
terminator had to be moved in order to install the 
VSV11) and that a G7272 Grant Continuity card is 
installed in any unused LSI-l1 Bus backplane slots. 

10. If the unit is a VS11, install the TEV11 terminator 
module (M9400-VA) in DDVI1-CK Row 4 (Slots C-O if ona 
1'17062 was installed, Figure 2-12; or Slots A-B if two 
M7062's were installed, Figur. 2-1~)' Make sure that 
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Q7272 (n£t G727) Grant Continuity cards 
in slots A2 and A3 (i. e. I Row 2 slot A, 
A) of the DDV11-CK. 

are installed 
~nd Row 3 slot 

11. Verify that there is not a short circuit between +5Vdc 
~nd Ground on th e bitC Ie P lane. Do not c h ec Ie for sh arts 
on the other voltages (use o-F an ohmmeter could cause 
circuit dam~ge if the pins ~re driven with the wrong 
polarity>. 

12. Proceed to Step D. 

ROW 1 

ROW 2 

ROW4 

bnlAl r nun .;;J 

ROW 6 

ROW 7 

ROW a 

ROW9 

SLOT A 

LSI·ll BUS 
CONNECTOR 1 

SLOT B 

C>Wl-o 

[ 

J 

SLOT C 

C>W2-o 

VIDEO BUS 
CONNECTOR 2 

SLOT 0 

C>W3-o 

VIEW IS FROM MODULE SIDE OF CONNECTORS. 

Figure 2-13 
H9273-A Backplane Connectors 

.. .. ·'.20 

LSI·II BUS VIDEO BUS 
SLOT A C 

I 
I-lIGI-lEST 
PRIORITY 

r I 

\ I 

LOWEST ..!. 
PRIORITY -I 

NOTES 
, TI-lE M9403 MODULE OCCUPIES SLOTS 

A AND 8 OF ROW I 
2. SIDE 2 PINS OF THE EF SLOTS ARE 

WIRED TO SIDE' PINS OF THE E·F 
SLOT THAT FOLLOWS 

3. SLOTS EF ARE FOR lSI·'1 PERIPI-lERAL 
MODULE SETS TI-lAT REQUIRE THE 
DAISY·CHAINEO BUS. 

4. VIEW OF OOV"·CK IS FROM MODULE 
SIDE. 

o 
T 

T '\ 
J 

"\ 
J 

Figure 2-14 

I 

DAISY I CHAINED 

• • 
O~SY I CHA1NEO 

OA~SY 
I 

CHAtNEO I • • t 
I CHl,NEO DAISY 
I 

DDV11-CK Backplane Connectors 
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PDP-11 PROCESSOR 
MODULES 

M8217 
INSTALLED 
IN SPC 
SLOT 

M9403 BCOSL-06 
INSTALLED CABLES ~---I---I-4" 
IN SLOTS 
AAND B 
OF ROW 1. 

G RANT CONTINUITY -.--.JL-~~:::::J 
CARDS (NOTE 2) 

TEV11 (M9400-YB) 
INSTALLED 
IN SLOT NEXT TO 
AND AFTER LAST 
?ERIPHERAL MODULE 

NOTES: 
1. IF UNIBUS BACKPLANE IS A DD1-B, -C, 

-0, OR -P, THE BACKPLANE MUST BE AT 
THE PROPER REVISION LEVEL. 

2. IF THESE SLOTS ARE UNUSED, G7272 
GRANT CdNTiNUiTY CARDS MUST BE 
INSTALLED HERE. 

3. REMOVE THE TERMINATOR RESISTOR 
PACKS FROM THIS M7062. 

C o E 

Figura 2-15 
VS11 Graphic S~stem 2-Memor~ Configuration 
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(NOTE 1) 

DDV11-CK 
BACKPLANE 

M7061 

M7062 

M7062 (NOTE 3) 
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SLOT A . SLOT B SLOTe SLOT 0 

ROW 1 I I I I I I I I 

ROW2 r SYNC GEN/CURSOR (M7061) 1 

ROW 3 f IMAGE MEMORY (M7062) I 
ROW4 r DISPLAY PROCESSOR (M7064) 1 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

[ I I I I I , I 

ROW9 I I I I I I I I 
II 

MA·1821 

Figure 2-16 
VSV11 Graphic S~stem Basic Module Configuration 

SLOT A SLOT B SLOT C SLOT D 

ROW 1 
TERMII'J.l'.TOR RESISTOR 

ROW 2 SYNC GEN/CURSOR (M7061) , ' ~~C:;I:~~~~~IT:~~~~ 
~~~~~~~~ -_ .. -~-~------.-
I IMAGE MEMORY (M7062) r REMOVE RESISTOR PACKS ROW 3 

ROW4 r~~~~~~~~~~~~~~~~~~~~~~~,~' FROM THIS MODULE. 
IMAGE MEMORY (M7062) r-

ROWS DISPLAY PROCESSOR (M7064) 

ROW9 

1041'1·1822 

Figure 2-17 
VSV11 Graphic S~stem 2-Memor~ Module Configuration 
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IMAGE 
MEMORY 

~'CK 

COAX 
PIGTAIL 

FigUl". 2-18 

NOTE: 
IN SYSTEMS WITH ONE M7062. 
THE FIRST DBUS "TAP" 
CONNECTOR IS NOT USED. 

VS11/VSVll Module S.t Arr.ng •• ent 
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DATA ROY L 
(JS DATA AVAfL) 

DATA AVAIL L 
(PIXEL READBACK) 

o WRITE H 

o PULSE 00 L 

o SEL 01 

o BUS 10 H 

OBUS07H 

o BUS 04 H 

--

.. 
~ 

-~ 

~ 

--
--- -

- .. -

- .. 
~ -

A --.... 
C 
• 
E --.... 
H 
.... 
K --

" M -
P -
S 
.-.... 
U --
\II 
.--
Y ---

AA --
CC --
EE ---
HH --
KK -
MM 
.--
PP ---
SS --

B 
• 
0 
-- --
F 
--.... 
J 

• 
L - -- -
N 
-- .. .... 
R -.... -
T ---
V --.... 
X 
.--
Z -.... 

BB 
---

DO -.... -FF 
.- -- -
JJ 
-- -.... -
LL 
-- -- -

NN 
.-,- -

RR 
.- -.... -
TT - -.... 

--
-~ 
--
---
.. -
-
--
--~ 
.. --
-
-
--

JS MATCH L 

SPARE 

JS SW INTR L 

o MEM CLK H 

B SYNC H 

o CLR L 

o RQST DATA L 

o SEL 03 H 

D SEL 02 H 

o SEL 00 H 

o BUS 11 H 

o BUS 09 H 

o BUS 08 H 

o BUS 06 H 

o BUS 05 H 

o BUS 03 H 

D BUS 02 H 

i ~U ~, o BUS 01 H ..... ~.~+----V~ .~-+-_____ '4~." 0 BUS 00 H 

J1 

MR·QOO6 

Figure 2-19 
DSUS Connector Pin Assignm.nts 
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D. Power up the .vstem and verifv th.t the follo~ing volt.ges 
.~e pre.ent (~ithin • ~'X toler.nc.) on the b.ckpl.n.: 

- 1. + 'V dc, pin A2 0 f • n V s lot 

2. +12Vdc, pin 02 of .11 slots housing the LSI-It Bus 
portion of the M7061 .nd M7062 module. (i .•.• pin. AD2 
.nd B02 of • ~u.d-h.ight LSI-11 b.ckpl.nei o~ pin. C02 
and OD2 of the DOVII-CK). 

3. 

4. 

-'Vdc, U2 of .11 slots housing the "Slot C· portion of 
the M7061 .nd M7062 modules (i. e., pin CU2 of a 
~uad-h.ight LSI-11 backpl.ne; o~ pin EU2 of the 
DDVI1-CKL 

Verif~ that the host computer's bus is not 
(processor can be booted and run norm.l programs). 

hong 

~. Proceed to Step E. 

E. Monitor Connection 

The video monitor i. connltcted to the VSV11/VSli systlt'" at 
connector ~1 on the M7061 Sync Generator module. Figure 
2-20 shows the connector signal pinning, anJ Figur. 2-7 
shows its place.ent on the module. To ~1 is att.c~ed • 
5-conductor coaxial "pigtail" cable, with an AMP connector 
on the module end and SNC connltctors on thlt other end. The 
lang 4-conductor co~xi.l Monitor cable, with SNC connectors 
at both ends. attaches to the pigtail cabllt. Figure 2-21 
illustrates the cables. V.rious of the conductors are 
used. depending upon the type of monitor being connected. 

When connecting the monitor to the systeM, refer to Figures 
2-22 through 2-24 and to drawings D-UA-VSVII-Q-O and 
C-IC-VSVII-0-4, Sheets 1 and 2. in order to aid in cable 
and connection identification. 

The procedure used for connecting the Displav Monitor to 
the VSV11/VS11 logic depends upon the model of the unit at 
hand. If a Display Monitor was nat supplied with the 
system (VSVll/VS11=AA. =AB, =AC. OT- =AD). proceed to step 
E.1. If a VT100-LA or VT100-LB Wa. supplied 
(VSVI1/VSI1-AE, -AF. -AH. or A~), proc •• d to Step E.2. If 
a VRV02-BA or VRV02-BB was .upplied (VSVII/VS11-AP, -AR, 
-AS, or -AT), proceed to Step E.3. 
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FROM 
MONITOR 

6 

4 

2 

~ --
2 ---
3 ---
4 -
? --
6 
..... --
7 -

RS-170 IN_ ~ --
9 ---
10 .... 

1 
J1 

RED OUT -
"'" 

BLUE OUT 
w 

CaMP VIDEO OUT_ 

(GREEN) 

VT100 OUT -'" 

} 

TO RED AND 
BLUE GUNS OF 
COLOR MONITOR 

TO BLACK AND WHITE 
MONITOR OR 
GREEN GUN OF 

·COLOR MONITOR 

TO VT100 
MONITOR 

MR-1338 

10 PIN AMP CONNECTOR 

Figure 2-20 
M7061 Video Connector Jl Pinning 

LOCATING 
MARKER 

I 
00 - 0 

~ ~ 
/ / LOCATING 

MARKER 1700192 

1700193 
CABLE 

CABLE 
7 M (25 FT) 

60 CM (2 FT) 

MR-5J57 

Figure 2-21 _ 
Video C.bles 
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E.l Connection of Custo",er-Supplied Monitor referring to 
Figure 2-22, execute the following st.ps, then proceed to 
step F. 

1. Identif~ the 2-foot ~-Conductor coa.ial pigtail cable 
with BNC connectors on one end and an A~ connector on 
the other (PIN 17-00193), and the long 4-conductor 
coaxi.l Monitor c.ble with BNC connectors an both ends. 

2. Identif~ the conductor marked with the bl.ck loc.ting 
.arker (band) on each c.blei thi. is conductor .1, 
with corresponding BNC connectors ~1 .nd Pl. Refer to 
drawing D-UA-VSVll-0-0 and, counting frOM the ~l-Pl 
conductors, identify the ~3-P3 conductors, connect ~3 

on the 2-foot pigtail cable to P1 on the Monitor cable. 

3. The other conductors and BNC connectors of each cable 
are numbered in se~uence from .1 when the c.ble. are 
laid flat. 

4. If the customer-supplied monitor is Monochrome (bl.ck 
and white), refer to Figure 2-22 .nd connect BNC 
connector ~1 of the Monitor cabl. to the video input of 
the monitor. Altern.tively, depending upon monitor 
t y p e , pig t a i I con d u c tar .1 ( VT 1 OO-QUT ) c 0 u I db. use d 
for the video signal, in which case conner.:t ~1 of the 
pigtail cable to Pl of the Monitor cable. T~en connect 
~1 on the ather end of the Monitor cable ~~ the videa 
input of the monitor. 

5. If the customer-supplied monitor is Color, connect J3, 
J4 and J~ of the pigtail cable to Pl, P2 and P3, 
resp ec t i ve 1'1' on the Man i tor cab Ie. Th en eonnee t Jl, 
J2 and ~3 at the other end of the Monitor cable to the 
COMPOSITE VIDEO (GREEN), BLUE, and RED inputs, 
respectively. of the .onitor. 

6. Verif'J that the videa input(s) to the monitor are 
terminat~d in 75 ohms. 

7. Observe the Key and/or "gil and "s" markings on the AMP 
connector on the pigtail cable. Insert the AMP 
connector into header Jl on the H7061 Sync Genera.tor 
module. with the "G" marking nearest the the module. 

8. Proc .ed to Step F. 
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M7061 

• NOT USED 

COMPOSITE 
VIDEO 
MONITOR 

~ CABLES TO NOTE: MARKER ON 
USE LOCATING

X 
CONDUCTORS. 

IDENTIFY COA CABLE 75n 
CAB LE 75n 7M (25 FT) 

60 CM (2 FT) 1700192 
17nn193 , , 'Vv 

2-22 tallation Figure Monitor Ins . te Video. Composl Monochrome 
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E.2 Connection of VTloo-LA/LB referring to Figure 2-23, 
exacute the following steps, then proc.ed to Step F. 

- 1. Identifv the 2-foot '-Conductor coaxial pigtail cabl. 
with BNC connectors on one and and an AMP connector on 
the other (PIN 17-00193), and the long 4-conductor 
coaxial Monitor cable with BNC connectors on both ends. 

2. Identif~ the conductor marked with the black locating 
marker (band) on each cabla; this is conductor .1, 
with corresponding Bt~C connectors '-'1 and Pl. Rafar to 
drawing D-UA-VSVll-Q-O and drawing C-IC-VSV11-0-4, 
sheet 1, and connect "'1 on the pigtail cabla to Pl on 
the Monitor cable. Similarl~, connect "'2 to P2 (the 
connectors adJacent to "'1 and P1 when the cable is laid 
flat>. 

3. Connect the ""'1" BNC connector on the Monitor cabla to 
the "VIDEO IN" connector on the VT100-LA/LB. 
Similarly, connect the ""'2" BNC connector to the 
"VIDEO OUT" connector on the VT100-LA/LB. 

4. Observe the K.~ andlor "Oil and "S" markings on the AMP 
connector on the pigtail cable. Insert the AMP 
connector into header "'Ion the M7061 Sync Oenerator 
module, with the "0" marking nearest the the module. 

5. Proceed to Step F. 
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M7061 T 

.': .. " 

- - - -------j 

A. FRONT VIEW SHOWING KEYBOARD PLACEMENT 

CABLE 75n 
60 CM (2 FT) 

1700192 

fl.1f"\T~ 
I"V I L. 

USE LOCATING MARKER ON CAblES TO 
IDENTIFY COAX CONDUCTORS. 

R48 _, =~> /, NOT 71 

~~~ ~.~~v:~: 
OUT 

RS-170 (PIl\.I 1m 

/-1 ___ :: ___ ---..1 :~I::"~, 
( 

CABLE 7M (25 FT) 75n 
1700193 KEYBOARD 

IN 

B. REAR VIEW SHOWING CONNECTION TO M7061 

Figure 2-23 

LINE 

VOLTAGE 
120/240 V 

VT100-LA/LB Monochrome Monitor Inst.llation 
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E.3 Connection of VRV02-BA/BB refe~~ing to Figura 2-24, 
axacute the following stepsl then p~oc.ad to step F. 

1. Identif~ the 2-foot ~-Conducto~ cO.li~1 pigt~il c.ble 
with BNC connectors on one end and an AMP connecto~ on 
the other (PIN 17-00193), .nd the long 4-conductor 
co.xial Monitor cable with BNC connector~ on both end •. 

2. Identif~ the conductor marked with the black locating 
.. arker (band) on each cable; this is conductor .1, 
with corresponding BNC connectors "'1 and Pl. When the 
cables are laid flat the conductors and BNC connectors 
are numbered in order from .1 (the conductor with the 
black band). Refer to drawing D-UA-VSVll-0-0. 

3. Refer to drawing C-IC-VSV11-0-4, sheet 2, and connect 
"'3 on the pigtail cable to P1 on the Monitor cable. 
Connect the other end of this conductor (with the black 
band) to one of the gREEN inputs on the ~ea~ of the CRT 
moni tor cab inet. 

4. Connect "'4 and "'~ of the pigtail cable to P2 and P3, 
res p e c t i vel ~ I oft h e Mo nit 0 rca b Ie. T h • nco nne c t "'2 
and "'3 at the other end of the Monitor ca~le to the 
BLUE, and RED inputs, respectivel~, at the rear of the 
CRT monitor cabinet. 

5. Connect "'2 on the pigtail cable to P4 on the Monitor 
cable; then connect the oth.r end of this conductor to 
the "VIDEO OUT" connector on the VRV02 Keyboard 
Interface box. 

6. Observe the Ke~ a.nd/or "gil and US" mark ings on th. AMP 
conn e c tor 0 n f; h • pig t a i I cab Ie. Ins. l' t the AMP 
connector into header J1 on the M7061 S~nc Generator 
module. with the "gil marking nearest the the module. 

7. Proceed to Step F. 
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M7061 

C6 

C5 

-- / 
~ COLOR / 
~ MONITOR " 

1(~IIrfI(/ 

CAB LE 7M (25 FT) 75n 
1700192 

CABLE 7Sn 
60 CM (2 FT) 

1700193 

NOTE: 
USE LOCATING MARKERS ON CABLES TO 
IDENTIFY COAX CONDUCTORS. 

MR-1829 

Figur. 2-24· 
VRV02-BA/BB Color Monitor Installation 
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F . ~ 0" • tic k ( H3060 ) Can n. c t ion 

Th. H3060 ~o ... tick is connect.d to the VSVll/VSll .... t •• at 
lO-pin conn.ctor ~3 an the M7061 aodul •• via • ~o ... tick 
pigtail cabl. and a lang cabl. attach.d to the ~o~.tick 
it •• lf. Th. pigtail cabl. has • Berg-t~p. connector an the 
.odule end and a Cinch connector an the end connecting to 
the ~o~.tick cabl.. Figure 2-2' illustrate. the ~3 
conn.ctor pinning. and Figur. 2-26 illustrate. the H3060 
~ovstick and its cabl •. 

Refer to dra~ings C-IC-V9V11-04 and D-UA-V9V11-0-0 and 
connect the ~o~stick pigtail cable (PIN 70-15822) to ~3 of 
the M7061 S~nc Generator module (with the label "UP" facing 
out from the module>. Then conn.ct and secure the Cinch 
connectors on the pigtail and the cable attached to the 
H3060 ~o~.tick assembl'J. Then proceed to Step G. 

+5VDC 

-5 VDC 2 

3 

4 XIN 

5 YIN 

6 

JS SWITCH L 7 

8 

9 

10 
• 

-
J3 

MR·1833 

Figure 2-25 
~o~stick Connector Pin Assignments 
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VERTICAL BALANCE ADJ 

Sl S2 

JOYSTICK HORIZONTAL BALANCE ADJ 

Figure 2-26 
H3060 Jo~stick Assembl~ 

G. If the monitor was supplied with the VSVll/VSll, connect 
the .erial communication cable between the COMM connector 
on the monitor and the host computer. 
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2. 5 CHECKOUT 

Make 5ure system and monitor power is ON and load the VSV11/VS11 
test program [CVVSA for PDP-i1 and LSI-11 systems; EVTCB (Level 
3 Diagnostic) for VAX system5] and perform the following checkout 
procedure. If trouble arises, or if adJustments need to b. mad. 
<e. g., "to the M7061 Sync Generator or the monitor), refer to 
Chapter 7, Tables 7-1 and 7-2, for troubleshooting and adJustment 
procedures. 

A. Initial Checks and AdJustments 

If the system being installed is a VSVi1/VS11-AA,-AB,-AC. 
or -AD, there are no initial adJustments re~uired (since 
sync is generated internally by a crystal oscillator); 
therefore, proceed directly to Step B and begin checkout 
using the diagnostic program. 

If the system is supplied with a monitor, the External Sync 
mode of operation is being used and initial adJustments may 
be req,uired. Proceed as follows: 

1. Refer to Figure 2-7 and locate on the M7061 module 
potentiometer R48, the control for adJusting the input 
gain ror the external sync signal (suppl~ed from the 
VRV02 Keyboard Interrace box or from ttl ~ VT100). Set 
this potentiometer to the middle of its range, 12.5 
turns rrom either end Or its travel. 

2. Ir the system is a VSV11/VS11-AE, -AF, -AH or -AJ 
(supplied with VT100-LA/LB monochrome monitor), proceed 
to step B, since rurther adJustment requires the 
services of the diagnostic program. If a color monitor 
(VRV02-BA/BB) is being used, proceed to the next step 
below. 

3. With power on but the CPU initialized, turn up the 
brightness contrast controls (fully clockwise> on the 
rront Or the display monitor. 

4. Observe the screen. A raster (many fine parallel 

5. 

horizontal lines) should be observed. In addition, a 
"sync tab" <short blanked block at the center 04= the 
lower edge of the screen) should be observed. Press 
the SET-UP key on the VRV02 keyboard; the standard 
set-up rrame should be visibl"e. If no raster or set-up 
frame is visible, refer to Table 7-2, the Video and 
VRV02 troubleshooting chart, in Chapter 7 and recheck 
the cabling, monitor power, etc. 

Perform the adJustment procedure given in Paragraph 7. 5 
to properly adJust potentiometers ~ .... ~ --~ 130 on the n-.c ClIlU n, 

H7061 module. This procedure req,uires the use of an 
oscilloscope and it is highly recommended that the 
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'procedure be -followed -for proper setup. If!.n 
oscilloscope is not available, adJust potentiometer R9 
until the image is stable. If! the image cannot be 
stabilized by adJusting only R9, also .dJust R48 but do 
not turn it too .par clockwise as this will decrease the 
input gain and lead to unstable timing. If the image 
cannot be stablized, ref!~r to the troubleshooting 
procedures in Table 7-2. When the ,,_ster and set-up 
f!rame are stable, proceed to Step B. 

B. Basic Logic Checkout 

Run the basic (def!ault) series of! tests for the unit. 
Follow the loading and operating procedures supplied in the 
program listing. The program should run two passes of! 
Tests 1 through 32 without error. The examples given below 
show the typical s~~uence of! operations used f!or running 
the programs. In the examples, typed entries to be 
supplied bV the operator are underlined; prompts and other 
output from the Diagnostic Supervisor are not underlined 
and should not be typed. Enter a Carriage Return W~,@·.l tiie 
<cr> symbol is given. After two passes of the test 
seQ.uence have been run, proceed to Step C. 

For PDP-l1 or LSI-II systems, 
should be u'5ed: 

the following procedure 

1. Boot the diagnostic medium and answer any questions 
presented. 

2. Load and initiate the VSVI1/VS11 test program bV 
typing: 

. B. CVVSA<cr:> 

3. When the program is loaded .and initiated, it will 
identify itself! and respond with the "DR)" prompt. 

4. To start the basic section of! tests, 
prompt bV typing: 

DR> STA/FLA:HOE:PNT(cr) 

respond to the 

5. The supervisor will respond with questions asking f!or 
the VS11 hardware parameters: number of units (answer 
.. 1 .. ), d e vic e ( DP C) add res s , i n t err u p t ve c tor add res s , 
BR level, whether a Lookup Table (LUT> is installed, 
_nd whether the unit is running in 50Hz mode. Answer 
these appropriately, either by typing in a new entry 
followed by • carri_ge return, or by Just typing a 
carriage return to keep the entry already present. A 
typical sequence would be: 
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CHANGE HW (L) ? Y<c~) 

• UNITS (D) ? 1<cr> 

UNIT 0 
DEVICE ADDRESS 
1ST INTERRUPT VECTOR 
INTERRUPT PRIORITY 
LUT INSTALLED 
FREQUENCY = 50HZ 

(0) 172010 ? 172000(cr> 
(0) 320 ? <c~> 

(Select 172000) 
(Keep 320) 
(Change to BR6) 
(Not Available) 
(Keep 60Hz) 

6. 

(0) 4 ? 6<cr) 
(L) N ? <cr> 
(L) N ? <cr) 

The program will then 
parameters are to be 
N<cr:>. 

ask if 
changed; 

The tests will run in sequenc e, 
name of each test printed as 
error is encountered, control 
diagnostic supervisor after 
printed. 

software operating 
answer NO by typing 

with the number and 
it is executed. If an 
will return to the 

the error report is 

7. If it is desired to stop the test sequence at any time, 
type Control-C (hold the CTRL key down and type ~); 

control will return to the Diagnostic Supe~visor. In 
order to restart the program without changing the 
hardware parameters, type: 

DR) RES/FLA:HOE:PNT 

For VAX systems, the following procedure should be used: 

1. Boot the diagnostic medium containing the Diagnostic 
Supervisor and the VSll Level 3 Diagnostic, EVTCB. 

2. The Diagnostic Supervisor 
itself. It will issue an 
the II OS) II prompt. 

will load and initiate 
identification message and 

3. Following the prompt, 
typing: 

load the VSll Diagnostic by 

OS) LOAD EVTCB<cr) 

4. When the program is loaded, the supervisor will again 
respond with the IIDS>" prompt. 

5. Proceed to set up the operating environment by 
ATTACHing the UNIBUS Adapter (DW780) and the VSll to 
the supervisor by typing the 'allowing (the OS> prompts 
are shown for ciarity but should not be typed): 

OS) ATTACH DW780 SBI DWO ~ 4(cr) 
OS> ATTACH VBll DWO VSO 767010 ZiQ Q ~ ~ N<cr} 
OS> 
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,Note that the parameters given in the ATTach strings 
are an example; the actual parameters entered may be 
different. Also, if it i5 desired that the IIlongll form 
of tha Attach commands be used, in which each parameter 
is listed in se~uence with a wait for a specific reply, 
merely type ATT<cr) and answer each ~uestion. 

b. Select the VSl1 for testing by typing: 

OS) SELECT VSO(cr) 

7. It is recommended that the program be T'un in "Trace" 
mode (allowing the name of each test in the program to 
be printed as it is initiated) with "Halt on ErroT'tI 
enabled. Do this by typing: 

OS) SET FLAG TRACE,HALT<cr) 

8. start the test se~uence by typing: 

DS> START/PASS:2(cr) 

C. Configuration Checkout 

Run ~EST 35, the "Configuration Typeout" test in the 
Standalone section or the Diagnostic Program. 

For the PDP-Il, start the test by typing: 

DR) RES/TES:35<cr> 

For the VAX, start the test by typing: 

DS~ ST/TE:35/SEC:STANDALONE 

Observe the resultant printout. Each Image Memory channel 
and Sync Generator channel detected by the program is 
listed, along with various parameters. For this test, 
there should be one Memory channel <channel 0), with 4 bits 
of data, wi th a "MEMTAB II va 1 ue of 001700. Th er e sh 0 u 1 d 
also be one Sync channel <channel 0>' The "SYCTAB" value 
and the IINON-INTERLACED" or "INTERLACED" message depend 
upon the specific model of VSVll/VSll ~t hand. For systems 
with one M7062 Image Memory, verify that the SYCTAB value 
is 100000 and "NON-INTERLACED". For systems with two M70b2 
Image Memories, the SYCTAB value should be 120000 and 
"INTERLACED II 
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The correct printout for systems with one M7062 Image 
Memorv module is: 

MEMORV: 0, 
SYNC CHAN: 0, 

MEMTAB VAL: 001700, 
SVCTAB VAL: 100000, 

4 BITS 
NON-INTERLACED 

The correct printout for systems with two M706~ Image 
Memor~ modules is: 

MEMORY: 0, 
SYNC CHAN: 0, 

MEMTAB VAL: 001700, 
SYCTAB VAL: 120000, 

4 BITS 
INTERLACED 

Return to the diagnostic supervisor b~ typing Control-C. 

D. Video Checkout 

In order to checkout and 
generation, transmission, 
perform the following steps: 

verif~ the operation of the 
and display of video data, 

1. Run TEST 34, "SELECTED DISPLAYS", in the Diagnostic. 

F 0 l' the PDP -11, s tar t the t est b y t Y pin 9 : 

DR) RES/TES:34(cr> 

For the VAX, start the test bV typing: 

OS> ST/TE:34/SEC:STANDALONE 

2. Observe the "men"u" of available displays and select 
each one in order, beginning at item *3. Observe the 
display monitor carefully after each selection. If a 
display is not seen, adJust the brightness and/or 
contrast on the monitor. Many of the displays have a 
perimeter outline, which should be about 9.S inches 
s~uare and should be centered on the screen. If the 
display is not as expected, or lacks quality, refer to 
the troubleshooting procedures in Chapter 7. 

3. For each selection (except 0, 1 and 2), the display 
should be stable and present the picture described in 
the menu. 

4. For color monitors, select item 7 and verify that the 
proper colors correspond to the labels. 
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5. Verif~ the BLINK feature by alternatel~ selecting items 
l' (BLINK ON) and 2 (BLINK OFF) while displa~ing each of 
the pictures in items 3 through 8. When BLINK is ON, 
any W~ite line or area (on a color monitor) should 
blink on and ofT 4 times per second. Specifically, in 
any display with a perimeter outline of the screen, the 
outline should blink. Further, in display .8, any 
color (shade on Monochrome svstems) with LSB GRN 
(Least- significant GREEN bit) set should blink. 

6. If the monitor is a VT100-LA/LB o~ VRV02-BA/BB, select 
item *5 ,Crosshatch) and press the SET-UP key on the 
keyboard to display the familiar set-up frame. The 
video intensity of the crosshatch should be e~ual to 
the intensity of the characters in the set-up frame. 
If the intensities are not e~ual, refer to Paragraph 
7.5 and Table 7-2 (Chapter 7) and adJust potentiometers 
R48 and R9 on the M7061 module. 

7. If R48 and/or R9 had to be adJusted in the previous 
step, repeat steps 2, 3 and 4 and observe th~ pl~~ur~ 

quality. If the ~uality is not acceptable, further 
adjustments to the monitor and/or M7~61 may be 
required. Refer to Table 7-2. 

8. Select Item *9 of Test 34 (solid white squa~e) to check 
a VRV02 monitor~~ color balance. There are two color 
ba~ances which ~ust be properly adJusted to obtain a 
white display over a range of contrast control 
settings. The first consists of the Brightness white 
balance, and the second is Contrast white balance. 
White balance is determined by d~splaying the white 
square and then observing the square for color changes 
while adjusting the front-panel Contrast control over 
its lower range. You can expect the display to bleed 
or become fuzzy at high settings of this control. If 
not appTeciabl~ variation of ~ne wnl~e square is 
observed, both adJustments are properl~ balanced. If 
the display color does varYJ refer to the white balance 
adJustment procedures in Table 7-2. 

9. Type Control-C to return to the Diagnostic Supervisor 
and proceed to the next step. 
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E. Joystick Checkout 

In order to check out the Joystick and associated 10gicI 
run TEST 33 and perform the following steps: 

1. Start the test by typing: 

DR> RES/TES:33<cr) (for PDP-11) 

or 

os> ST/TE: 33/SEC: ST (for VAX) 

2. Observe that the cursor (a small white "cross") is 
placed near the lower left-hand corner of the screen 
and that it is indeed small and white. 

3. In the upper right-hand corner of the scre.n are 
displayed the cursor X-V coordinates. Verify that both 
JSX and JSY read 0100. 

4. The screen should contain a set of concentric boxes 
with position labels along the sides. 

5. Operate the Joystick lever; the cursor should move in 
response to the direction of lever position and the 
displayed coordinates should change accord 19ly. 

6. Verify the Joystick SWITCH interrupt by moving the 
cursor to a blank. area of the screen and pressing one 
of the rectangular switches on the Joystick assembly on 
either side of the lever. When the switch is pressed, 
a small "X" should appear at the cursor position. 

7. Move the cursor, press the switch again and verify that 
the "X" noUl appears at the new cursor position. 

8. Move the cursor onto one of the lines of one of the 
boxes and press the Joystic:k switch. The "X" should 
appear at that position and the Ulord "MATCH" should 
appear below the display coordinates at the upper 
right. One of the coordinates should correspond to the 
label on the line where the cursor is positioned. 

9. Verify that a MATCH occurs when the cursor is moved 
into the solid white box in the center of the screen 
and the switch is pressed. 

10. Verify that the cu~sor does not drift when the Joystick 
lever is in its center (rest) position. If drift 
occurs, the trimming potentiometers on the Joystick 
assembly should be adJusted. 
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11. 'Exit the Joy s tic k test by typing Con t l' 0 l-C and proceed 
to the next step. 

F. Terminal Test 

If the monitor was supplied with the VSV11/VS11 s~stem, it 
should functi~n as a normal computer terminal, Verif~ that 
this is so by running the appropriate terminal diagnostic 
on the host comput.er or, alternatively, Just logging in and 
performing some useful functions. 

G. System Test 

For PDP-11 and LSI-l1 systems, the VSV11/VSll is supplied 
Wltn a DEC-Xiii System Exerciser module. Configure a 
DEC-X/11 System Exerciser including all devices in the 
system and run it until a complete "relocation cycle" 
through memory is made. 

For VAX-l1 systems, the VSll Level 2 diagnostic. EVTCA, is 
sup p lie d . T his pro g ram l' un S 1I n dar VMS and iss i mil art 0 

the Level 3 diagnostic used above. EVTCA contains 16 tests 
in the Default section corresponding to some of the tests 
in the Default section of EVTCD. It also contains a 
Joystick Verification test and a Selected Displays test. 
Operation is almost identical to that for the Level 3 
program, except that the ATTACH statement does not contain 
specifications for DPU~Only mode, Long Memory Tests, or 
Fre~uency. Run the Default section for 2 passes. Then 
perform Video Checkout and Joystick Checkout as in Steps D 
CifH' E above, respectively. 
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2.6 CUSTOMER CONFIGURATION 

The procedures presented in the preceeding paragraphs ~ill leave 
the VSV11/VS11 system set up in the optimum general-purpose 
con~iguration. It is recommend2d that it be le~t this wa~. The 
customer mav elect, however, to make use of the optional 
~ un c t i ana 1 i t y b u i 1 tin tot h e VSV 11 / VS 11 , s u c h as : 

1. 

2. 

Cursor Size: Large full-screen cursor versus 
standard small cursor, 

Cursor Color: Green, Green + Blue, 
versus the standard White, 

or Qr •• n + Red, 

3. Blink Rate: Can be slowed to 2 times per second, once 
every second, or once ever 'I 2 seconds, versus the 
standard 4 times per second, 

4. Video Output DAC Control: 8 Shades/Colors, ~hereby the 
least- signi~icant Green bit [Blink Datal is ignored, 
versus the standard 16 Shades/Colors. 

5. Dual Non-Interlaced Image Memory Channels (each with 
512 x 256 4-bit pixels) versus one Interlaced channel 
(with 512 x 512 4-bit pixels) for "dynamics" on systems 
with two H7062 Image Memory modules, 

6. Interlaced Operation versus the standard Non-Interlaced 
mode, for systems with a s'ingle M7062 Image Memory for 
finer spacial resolution (512 x 512 pixels) at the 
expense of pixel intensity resolution (2 bits per 
pixel). This change would most likely be useful onl'l in 
a Monochrome (Black & White) system. 

If no changes are to be made, proceed directly to Paragraph 2.7 
to perform acceptance on the system. 

The Tollowing paragraphs discuss the changes that can be made. 
If the customer does elect any of the options, the conversions 
should be performed at this time, by changing switch and Jumper 
settings on the M7061 and M7062 modules using the procedures 
described in the following paragraphs. After all changes have 
been made, record the final switch and Jumper settings for future 
ref@rence, Then perform checkout OT the VSV11/VS11 system as 
described in Paragraph 2.6.4. 

2. b. 1 Available Configuration Changes 

Table 2-13 lists the 'unctions available on the M7061 S~nc 

Generator module, the corresponding switch and Jumper settings. 
and how they were set to the standard configur~tions in the 
previous procedures. If chan~es are being made, remove power 
from the system, remove the M70bl module and make the desired 
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changes; refer to Table 2-13, Figure 2-7, and the following 
list. If the Image Memory configuration is being changed, also 
refer to Paragraph 2.6.2 or 2.6.3. Take care not to disturb the 
switch and Jumper settings of functions not being changed. 

There are four types of functions selected by the switches and 
Jumpers listed in Table 2-13: 

1. 

2. 

Fixed Functions, 
settings .given. 

which should not be 
These are: 

changed from the 

(a) RS170-In Qain 
(b) Special Scan 
(c) MasterlSlave 
(d) Channel Number 

Model-Independent Functions, which can 
according to customer preference using 
given in Table 2-13 without changing 
functioning of th~ system. These are: 

(a) Cursor Color 
(b) Cursor Size 
(c) Blink Rate 
(d) Video Output OAC Control 

be selectea 
the settings 
the basic 

3. Monitor-Dependent Functions. which can be changed if the 
monitor is supplied with the VSV11/VS11 (i. e., if the 
monitor is a VT100-LA/LB or VRV02-BA/BB) or if the 
customer-supplied monitor is compatible with the desired 
changes. These are: 

(a) Operating Frequency (Field Rate): Can be 

(b ) 

changed from 60 Hz to 50 Hz or vice-versa by 
changing switches E21-1 and E21-2 and changing 
the frequency of the monitor by using the 
SET-UP operation (see Appendix C). This 
change would most likely be used on a 60 Hz 
system if 256 (Non-Interlaced) or 512 
(Interlaced) visible scan lines are desired, 
as opposed to the normal 240 or 480 visible 
scan lines. In a 50 Hz system, flicker can be 
reduced in the Interlaced mode by running the 
monitor at 60 Hz, but the number of visible 
scan lines is reduced from 512 to 480. 

SYNC Timing Base: The normal External 
used with the supplied VRV02-BA/BB 
Monitor can be changed to Internal mode 
is not desired that the Keyboard output 
on the monitor. 

mode 
Color 

if it 
appear 

4. Image Memory-Dependent Functions: 

(.) For systems with one M7062 Image Memory 
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module, norm.ll~ set up for Non-Interl.ced 
operation resulting in 240 (or 256) visible 
scan line. with e.ch pixel cont.ining 4 bit., 
the Memor~ (M7062) and Sync (M7061) module. 
can be set up for Interl.ced operation. 
Paragraph 2.6.2 describes the set-up procedure 
in detail. 

(b) For s~stems with two M7062 Image Memorv 
modules. normally set up as a single channel 
in Interlaced mode with 480 (or 512) visible 
scan lines with each pix.l containing 4 bits, 
the Sync Generator (M7061) module and both 
Memorij <M7062) modules can be set up for 
Non-Interlaced operation, with one memorv 
remaining at Channel *0 and the other changed 
to Channel 11. Alternativ.l~, both channels 
can be set up for Interlaced operation, with 
each channel containing 512x512 2-bit pixels. 
Paragraph 2.6.3 describes the set-up procedure 
in detail. 
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Table 2-13 
M7061 Sync Generator Switch/jumper Functions 

FUNCTION 

Oper.ting 
Freq,uency 

(Field Rat.) 

SWITCHES/jUMPERS: 

E21-1 E21-2 
OFF ON 
ON OFF 

I 
SELECTIONS VSV/VS11 Models at 

Initial S.ttings 

60 Hz - - - - - + -AA,AC,AE,AH,AP,AS 
~O Hz - - - - - + -AB,AD,AF,Aj,AR,AT 

------------- ----------------1------------------1-------------------
Scan Made/ E21-3 E21-9 

Resolution ON· ON Non-Interlaced - + -AA,AB,AE,AF,AP,AR 
OFF ON Interl.c.d - + -AC,AD,AH,A~,AS,AT 
OFF OFF Special 

Special Scan E21-4 E21-5 
OFF ON 

Master/ 
Slave 

ON OFF 

E21-b 
ON 
OFF 

W19 
IN 
OUT 

------------------:------------------~ 

Normal - - - - - + All Models 
Special 

------------------1-------------------
Ma5te~ - - - - - + All Mode15 
Slave 

------------- ---------------- ------------------1-------------------
SYNC Timing E21 E21 E21 

Base -7 -9 -10 W3 
OFF ON ON OUT Internal (XTAL) + -AA, AB, AC, AD 
ON OFF OFF IN External (RS170) + -AE thru -AT 

1------------- ---------------- ------------------:-------------------
RS170-In W4 

Gain IN AdJustable - - - + All Models 
OUT Fixed 

J------------- ---------------- ------------------1-------------------
Channel 

Number 

Cursor 
Color 

W5 W6 W7 we 
OUT IN OUT IN 
OUT IN IN OUT 
IN OUT OUT IN 
IN OUT IN OUT. 

-----------~----
Wl0 
IN 
IN 
OUT 
OUT 

W11 
IN 
OUT 
IN 
OUT 

Channel .0 - - - + All Models 
Channel .1 
Channel .2 
Channel *3 

------------------:-------------------
White - - - - - + All Models 
Green + Blue 
Green + Red 
Green 

------------- ---------------- ------------------1-------------------
Bl ink Rat. W12 

IN 
OUT 
IN 
OUT 

W13 
IN 
IN 
IN 
OUT 

Cursor 
Size 

W16 W17 
IN IN 
OUT OUT 

Video Output. W2t 
DAC Control: OUT 

IN 

~ 
IN 
OUT 

W14 
IN 
IN 
OUT 
IN 

4 Times per Sec. + All Models 
2 Times per Sec. 
t Time per Sec. 
Once per 2 Sec. 

------------------1-------------------
Small (16x16) - + All Models 
La r 9 e ( Full ) 

------------------1-------------------
16 Sh.des/Colors + All Models 
e Shades/Colors 

2-61 



2.6.2 Non-Interlaced To Interlaced Conversion 

The ~tandard setup ~or systems with one Image Memory (M7062) 
module r~sults in a single memory channel ,Channel 0) supplying 4 
bits of pixel d.ta. Operation is Non-Interl.ced, resulting in • 
display with a resolution of 512 horizontal pixels and 240 (60 
Hz) or 256 (50 Hz) vertical pixels. (The viewing area is still 
480 (or 512, 50Hz) high, but only alternate lines are displayed.) 
The M7062 switch sRttir'gs .par this con.piguration are given in 
Table 2-3. On the M7061, switches E21-3 and E21-9 are configured 
to the Non-Interlaced mode. Figure 2-1 depicts the standard 
single-memory con~iguration, in which the M7062 is set up to 
handle ~our data bits per pixel. The data is supplied .prom Data 
Bus (DBUS) bits <9:6) and driven onto Video Bus bits <7:4>. 

The optional Interlaced memory con~iguration is shown in Figure 
2-27. In order to change the system to this made, turn switch 
E21-3 OFF on the M7061 Sync Generator module. Then configure the 
switches on the M7062 Image Memory module according to Table 
2-14. Finally, using the SET-UP procedure 'or the VT100-LA/LB or 
VRV02-BA/BB, change the operating mode o.p the monitor to 
Interlaced (i. e., toggle the last digit in option group 3 in the 
SETUP-B ~rame ~rom 0 to 1) and store the new set-up in.pormation 
by typing SHIFT/S. 

After the changes are complete, proceed to ParaQraph 2.6.4 to 
check out the new configuration using the diajnostic program. 
When running Test 35, the System Con~iguration Type-out test, the 
resulting printout should be: 

MEMORY: 0, 
SYNC CHAN: 0, 

MEMTAB VAL: 001400, 
SYCTAB VAL: 120000, 

2 BITS 
INTERLACED 

When running Test 34, Selected Displays, select menu item 8. 
Observe the display and verify that only four distinct shades 
exist, corresponding to the ~our combinations oT MSB-GRN (DBUS 9) 
and LSB-GRN <DeUS 8>' 

M7064 

DISPLAY MEMORY DATA 

PROCES· 9.8 
SOR 

M7062 

IMAGE V DATA 

MEMORY 

512 x 512 x 2 
CHANNEL 0 
RAM 0,1 

7,6 

M7061 

SYNC 
GEN 
AND 
CURSOR 
CONTROL 

Figure 2-27 

-
COMPOSITE 
ViDEO TO 
MONITOR 

MR·1810 

Single Interlaced Image Memory Block Diagram 
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Table 2-14 
M7062 Switch & ~umper Setup (2-Bit Interlaced Memory) 

Switch No. E59 E49 

1 ON ON 
2 ON ON 

3 ON ON 
4 ON ON 

------------ ----- -----
5 OFF OFF 
6 OFF OFF 

7 OFF OFF 
8 OFF OFF 
9 OFF OFF 

10 OFF OFF 

Effect 

Set pixel data width to 
2 bits by internally 
connecting the least
signi'icant RAM bits 
(1,0) to the most
significant RAM bits 
(3, 2 >. 

Connect DBUS <9:8) to 
the input of the 2-bit 
RAM; c onnec t outp ut of 
the 2-bit RAM to VBUS 
<7:6). These bits are, 
respectively, the most
significant DaUS and 
VBUS data bits. 

--------------------------
The least- significant 6 
bits of the DBUS and 
VBUS are not connected 
to the Image Memory. 

Function ~umper(s) Selection 

DATA 
AVAILABLE IN Enabled. Always 
Enable leave installed. 

• M-SYNC W2 
Enable IN Enabled. Always 

leave installed. 
------------

Channel 
Number 

-----------------
W3 W4 WS W6 
OUT OUT IN IN 
OUT IN IN OUT 
IN OUT OUT IN 
IN IN OUT OUT 
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2.6.3 Conversion To Dual-Memorv Svstem 

The ~tandard setup lor s~st.ms with two Image Memor~ (M7062) 
modules, shown in Figure 2-2, results in a single memory channel 
(Channel 0) suppl~ing 4 bit. 01 pixel data. Operation is 
Interlaced, resulting in a displav with a re~olution of 512 
horizontal pixels and 480 (60 Hz) or 512 (50 Hz) vertical pixels. 
Th. M7062 switch settings lor this con9iguration are given in 
Table 2-4. On the M7061, switches E21-3 and E21-9 are conligured 
to the Interlaced mode. Figure 2-2 depicts the standard 
single-channel configurationl in which each M7062 is set up to 
handle two data bits per pixel. For module 1, the data is 
supplied from Data Bus (DBUS) bits (9:8) and driven onto Video 
Bus (VBUS) bits <.7: 6); these are the two Green bits. For module 

2, the data is supplied from DaUS bits <7:6> and driven onto 
VBUS bits (5:4); these are the Red and Blue bits. 

The optional 2-channel Non-Interlaced memory conliguration is 
shown in Figure 2-28. In order to change the s~stem to this 
mode, turn switch E21-3 ON on the M7061 Sync Generator module. 
Then conligure the switches on both M7062 Image Memory modules 
according to Table 2-15. On Module 2 (the module without 
resistor packs installed in E76 and E77) install J~mper W4 and 
remove Jumper W6 in order to change it Irom Channel 0 to Channel 
1. When reinstalling the modules in the backplane, place M7062 
*1 (with resistor packs installed in E76 and E7~) nearest the 
M7061 Sync Generator. Finally, using the SET-' ~. procedure for 
the VT100-LA/LB or VRV02-BA/BB, change the operatlng mode of the 
monitor to Non-Interlaced (i. e., toggle the last digit in option 
group 3 in the SETUP-B frame from 1 to 0) and store the new 
set-up information by typing SHIFT/S. 

After the changes are complete, proceed to Paragraph 2.6.4 to 
check out the new configuration using the diagnostic program. 
When running Test 35, the S~stem Configuration Type-out test, the 
resulting printout should be: 

MEMORY: 0, 
MEMORY: 1, 
SYNC CHAN: 0, 

MEMTAB VAL: 001700, 
MEMTAB VAL: 001700, 
SYCTAB VAL: 100000, 

4 BITS 
4 BITS 
NON-INTERLACED 

As a final check, run Test 34, Selected Dispiaysl and select menu 
item 8. Observe the display and verify that 16 distinct shades 
exist. 

[Note that the two memory channels could also be configured lor 
Interlaced operation, with each channel set up For 512x512x2 
bits. If this is the case, configure the switches and Jumpers on 
both M7062 modules according to Table 2-14, with one module set 
up ~or Channel 0 and the other ~or Channel 1. Then turn switch 
E21-3 OFF on the M7061 module. J 
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Table 2-15 
M7062 Switch ~ ~umpe~ Setup (4-Bit Non-Interlaced) 

S'-litch No. 

1 
2 

,------------
3 
4 
5 
6 

7 
8 
9 

10 

Function 

DATA 
AVAILABLE 
Enable 

------------
M-SYNC 

Enable 

------------
Channel 

Numb.r 

E~9 

OFF 
OFF 

-----
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

E49 Effect 

OFF Set pixel data width to 
OFF 4 bits. 

-----,--------------------------
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

Connect DaUS (9:6) to 
the input of the 4-bit 
RAMi connect output of 
the 4-bit RAM to VBUS 
<7: 4). These bits a~e, 
respectivelv, the four 
most- significant DaUS 
and 
are 
DaUS 

9 
8 
7 
b 

VBUS data 
defined 

VBUS 

7 
6 
5 
4 

as 
bits. Thev 

fo llows: 
Definition 

MSD-Green 
LSB-Green 
Red 
Blue 

The least- sig,ificant 4 
bits of the DaUS and 
VBUS are not connected 
to the Image Memorv. 

Jumper(s) Selection 

li.l 
IN 

--~--------------
W2 
IN 

-----------------
W3 W4 W5 Wb 
OUT OUT IN IN 
OUT IN iN ,-u .-r 

UVI 

IN OUT OUT IN 
IN IN OUT OUT 
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2.6.4 Checkout Of Changes 

After all switch and JumpP.r ch.nges have been made and veri'ied, 
reinstall any modules or cable. removed. Then run t~o passes of 
the normal (default) te.t series of the diagnostic (Tests 1 
through 32>' No errors should be encountered. Reflect any 
change in operating .fre~uency (50/60 Hz) in the startup dialog 
for the program. 

Run Test 35, System Configuration Typeout, and verify that the 
system configuration is as expected. 

Run Test 33, Joystick Verification, and v~rify th.t the cursor 
size and color are as expected. 

Run Test 34, Selected Di sp lay s, and verify that: 

1. The perimeter outl ine, Selection 6, reaches the top of 
the screen-

2. The expected shadeslcolors are present (Selection 8) , 

3. The blink rate is as expected. 

When all checks are complete, proceed to Paragraph 2.7 to perform 
Ac c ep tanc e. 

2. 7 ACCEPTANCE 

Neatly arrange all cables and return mounting boxes to their 
normal positions ~ith covers secured. 

Perform Option Acceptance by repeating the diagnostic test 
procedures given in Paragraph 2.5. 

2.8 EXTENDED CONFIQURATIONS 

The previous ,aragraphs describe the installation of VSVll and 
VS11 systems containing only one M7061 Sync generator module and 
either one or two M7062 Image Memory modules. These are the 
VSVI1/VS11-Ax series of model designations. For VS11 systems, 
these are the maximum configurations that will fit within the 
standard DDV11-CK 4-s10t backplane supplied with the DW11-BK. 

If necessary, the basic configurations can be expanded by the 
addition of M7061 Sync generator module. (to drive independent 
monitors) and/or M7062 Image Memories (to support additional 
M7061:. or to obtain additional high-resolution memory channels, 
such as two 512x512 pixel by 4-bit Interlaced channels). For 
VSVl1 systems, a backplane (H9273 or eq,uivalent) must be 
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available to contiguousl~ contain all module.. For VS11 s~stems, 
the _ DDVll-DK 9-slot backplane, shown in FiguT'e 2-29 and included 
in some of the building blocks list~d in P.ragraph 2.8.1, is 
av.ilable. In addition, f~r UNIBUS-based s~stem., an H9273 
backplane can be used if the VSII-BC/SD building block, described 
in Ptlr_grtlph 2.8. 1 is used. 
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DDVI1-DK 9-S10t Backplane 
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2.8.1 Building Blocks 

Extend.d s~stems are constT'ucted using a "building block" 
approach. The following building blocks aT'e available (in the 
model designationsl the two variations given, such as -BA/BB, are 
the same except ~or switch and Jumper settings used to select 
between bOHz and 50Hz operation): 

VSV11-BA/BB: VSV11-AA/AB plus DDV11-DK 9-Slot Backplane, Power 
Harness Adapter, Six 07272 GT'ant Continuit~ Cards, 
DBUS Data Cable with 9 Connection Points, and M9403 
LSI-l1 Bus Connector with +15V to +12V Converter. 
TheV5V11-BA/BB is used when it is desired to use a 
PDP=ll type mounting box on an LSI-ll Bus s~stem. 
Additional .~uipment re~uired would be two BC05L 
cables and an M9401 Connector to extend the LSI-11 
Bus. 
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VSII-BA/BB: VSVI1-AA/AB with DWI1-EK UNIBUS to LSI-II Bus 
Converter. This is the same .s • VSI1-AA/AS except 
that a DDVI1-DK 9-S10t Backplane is used rather 
than the 4-slot DDVII-CK. 

VSll-BC/BD: VSVII-AA/AB with DWI1-A UNIBUS to LSI-II Bu~ 
Converter. The DWI1-A contains an M8217 bus 
converter module (for installation in • UNIBUS SPC 
slot), an M9401 LSI-II Bus Connector module, and 
two BC05L-16 I6-foot 40-Conductor Ribbon Cables to 
interconnect the M8217 and M9401. This building 
block is to be used on a PDP-II system with an 
LSI-1I expansion box, such as the SAII-N, and 
H9273-A backpl.ne. 

VSVI1-MA: M7062 Image MemorlJ Module. 

VSV11-SA/SS: M7061 Sync Generator/Cursor Control Module plus 
Video Cables. 

VSV11-SC/SD: M7061 Sync Generator/Cursor Control Module. Video 
Cables and Joystick Pigtail Cab Ie. 

VSV11-SE/SF: M7061 S~nc Generator/Cursor Control Module, Video 
Cabiesl and Multi-Tap Joystick Pigtail Cable (Tor 
connecting a single H3060 Joystick to up to Tour 
M7061 modu I es >. 

VSV11-SH: M7061 Sync G.n.rato~/Cursor Control Module. 

H3060: Joystick Assembly. 

VT100-LA/LB: Monochrome Monitor Terminal. 

VRV02-AA/AB: 

VRV02-BA/BB: 

19-inch Color Monitor (no Keyboard or terminal 
logic>. 

19-inch Color Monitor Terminal (with Kevboard). 

Notice that the VSV11/VSI1-Bx series of building blocks are 
nothing more than a basic VSVI1-AA/AB ~or use with a larger 
backplane. Theref~re, the VSV11/VSI1-Bx option should first be 
installed, using the procedures given in Paragraphs 2.1 through 
2.7. Figure 2-30 illustrates the VSll-BA/BB installation. If 
two M7062 Image Memor~ modules are to be installed in the first 
memory channel, include the second memory (VSVI1-MA) during basic 
installation (Figure 2-31>' Following basic installation, 
additional Memory and Jo~stick channels can be added to obtain 
the extended configurations described in Paragraph 2.8.2. 
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PDP-·l1 PROCESSOR 
MODULES 

M9403 
INSTALLED 
IN SLOTS 
A AND B OF 
ROW 1 

M8217 
INSTALLED 
IN SPC 
SLOT 

BCOSL-06 
CAB LES ~---+--+-tw 

GRANT CONTINUITY ---I---t-....."---, 

CARDS (NOTE 2) 

TEVll (M9400·YB) 
INSTALLED 
IN SLOT NEXT TO 
AND AFTER LAST 
PERIPHERAL MODULE 

NOTES: 
1. IF UNIBUS BACKPLANE IS A DD11-B, -C, 

-0, OR -P, THE BACKPLANE MUST BE AT 
THE PROPER REVISION LEVEL. 

2. !F THESE SLOTS ARE UNUSED, G7272 
GRANT CONTINUITY CARDS MUST BE 
INSTALLED HERE. 

C o E 

Figure 2-30 
VSI1-BA/BB Installation Configuration 
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PO_P-ll PROCESSOR 
MODULES 

M8217 
INSTALLED 
IN SPC 
SLOT 

M9403 BCOSL-06 
INSTALLED CABLES ~=':;::t-t"'4"'f 
IN SLOTS 
AANO B 
OF ROW 1. 

GRANT CONTINUITY ---lL.--~C:::J 
CARDS (NOTE 2) 

TEVll (M940Q-YB) 
INSTALLED 
IN SLOT NEXT TO 
AN D AFTE R LAST 
DCDIDUCDI\I unnlll 1= 
r ,-"'1 II~I''''- ••• "'...,"" ... '-

NOTES: 
1. IF UNIBUS BACKPLANE IS A DDll-B, -C, 

-0, OR -P, THE BACKPLANE MUST BE AT 
THE PROPER REVISION LEVEL. 

2. IF THESE SLOTS ARE UNUSED, G7272 
GRANT CONTINUITY CARDS MUST BE 
INSTALLED HERE. 

3. REMOVE THE TERMINATOR RESISTOR 
PACKS FROM THIS M7062 .. 

c o E 

Figul'. 2-31 

UNIBUS 
BACKPLANE 
(NOTE 1) 

OOVll-0K 
BACKPLANE 

M7061 

M7062 

M7062 (NOTE 3) 

M7064 

MR·5362 

VS11-BA/BB w/VSV11-MA Installation Configuration 
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2. 8~2 Inst~llation Of Extensions 

Additional M7062 Image Memor~ and M7061 S~nc Qenerator components 
can be used in a variet~ of wa~s. For example, the block diagram 
of Figure 2-32 illustrates a VSV1l s~stem configured to drive t~o 
independent monitors. Figure 2-33 shows the physical module 
arrangement for the two-monitor configuration of Figure 2-32. In 
such a sY5tem, onl~ one of the monitors can be operated in the 
External S~nc mode (necessary for VT100-LA/LB operation, ~nd for 
use of VRV02-BA/BB as a terminal, with ke~board data on the 
screen) since onl~ one M7061 module (termed the Master) can 
provide timing for the entire VSV11 system. 

The structure of the backplanes used in the VSVll/VS1l systems is 
such that the video data supplied by M7062 Image Memories is 
isolated b~ an intervening M7061 S~nc module. For example, if 
M7061 Sync modules are installed in rows 1 and 3 of a DDV11-DK 
backplane and M7061 Image M.mor~ modules are installed in rows 2 
and 4, the memor~ in row 2 supplies data onl~ to the M7061 in row 
1, and the memory in row 4 supplies data only to the M7062 in row 
3. This fact allows the installation procedure to be handled on 
an M7061-by-M7061 basis, with M7062 Image Memories allocated as 
r.~uired. The entire system, however, must be either Interlaced 
or Non-Interlaced since the first M7061 controls the timing and 
operating mode of all other units. 

There can be a maximum of 4 Image Memory channels and 4 M7061 
channels on a VSV11/VS11 system. Each memory channel can contain 
either one or two M7062 Image Memory modules. If two M7062 
modules are used in any memory channel, the system must be 
configured in the Interlaced mode, providing 512x512 pixels b~ 4 
bits of data (each module handles two bits of data). Therefore, 
the following configurations can be obtained (given that space 
and power are available): 

1. Four M7061:s (Sync Channels 0 through 3), each supplied 
by one memory channel (Memory Channels 0 through 3, 
respectively>. Each memory channel can cont.in 1 M7062 
<Interlaced or Non-Interlaced system) or 2 M7062:_ 
<Interlaced system only). 

2. One M7061 (Sync Channel 0), with 4 memory 
(Channels 0 through 3), with each memory 
containing 1 or 2 M7062 modules. 

channels 
chann.l 

3. Two M7061:s (Sync Channels 0 and 1) each containing 2 
memory channels (Memory Channels 0 and 1 on S~nc Chann.l 
0, Memory Channels 2 and 3 on Sync Channel 1). 

4. Two M7061 '. s (Sync Ch~nne 1 s 0 and 1), wi th ona memory 
channel- on one Sync channel and 2 or 3 memory ch~nn.ls 
on the other Sync channel. 
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5. ,Three M7061:s (SVnc Channels 0 through 2), 
memory channel on each Sync channel or 
channel on two of the Sync channels and 
channels on the third. 

with one 
one memory 

two memory 

When installing complex extended configurations, it is 
recommended that the system be decomposed into single Sync/Memory 
groups, corresponding to one of the standard VSV11/VS11 3- or 
4-slot configurations; each group can then be installed and 
tested separately using the proceedure. described in the 
preceeding paragraphs. For example, a system with two M7061 Sync 
modules and two M7062 Memory modules could be installed by 
handling each Sync/Memory combination as a VSV11/VSI1-AA, -AB, 
-AE, -AF, -AP, or -AR. After installing and t.sting on. 
combination, remove it and install and test the other. Finally, 
move the M7064 Display Processor module over two rows in the 
~ackplane, configure the second Sync module for Channel 1 and 
Slave operation (Table 2-13) and its companion Memory module for 
Channel 1 (Table 2-14 or 2-15). Install the second combination 
and check out the entire ~ystem using the diagnostic. Be sure to 
run Test 35, the Configuration Typeout test, and verify that the 
appropriate configuration is present. 

In all installations, 
observed: 

the following guidelines should be 

1. If multiple M7061 Sync Generator modules are being used, 
only one can be set for Master operation <switch E21-6 
ON and Jumper W19 IN); all other H7061:s must be in the 
Slave mode (E21-6 OFF and Jumper W19 OUT). In addition, 
for ease of maintenance. the Master M7061 should be 
configured as Channel 0 and should be the module 
furthest away from the M7064. (The Master M7061 should 
be in the lowest-numbered backplane row). 

2. When assigning channel numbers to multiple Sync and 
Memory modules, the lowest-numbered channels should be 
assigned to the modules in the lowest-numbered backplane 
rows; the highest-numbered channels should be nearest 
the M7064 Display Processor module. 

3. The M7062 Memory module in the lowest-numbered backplane 
row (nearest the Master Sync module) should have 
resistor packs installed in I.C. locations E76 and E77; 
all other memorv modules should have the resistor packs 
removed. 

4. I~ two M7062 memory modules per memorv channel are used 
<Interlaced operation), the module handling the 
most-significant pixel bits <switches 3 and 4 on E49 and 
E59 ON) should be in the lowest-numbered backplane row. 

2-73 



A general installation can be performed as follows (be sure to 
refer ~o the guideline. given previousl~): 

1 . Un pac k a 11 com p on. n t s ~ n din v e n t or \J t h em a g a ins t the 
VSV11 or VS11 Field Maintenance Print Set. 

2. Inspect the computer system and verify that appropriate 
space and power .re available. Refer to Chapter 1 of 
the VSVll/VSll Option Description and sum the dc power 
requirements of the logic modules; the sum cannot 
exceed the power supplied b~ the mounting box. For VSll 
systems, +lSVdc current is re~uired e~uivalent to the 
+12Vdc current listed for the M7062 and M7061 modules. 

3. Install the basic VSVll or VSll hardware (i. e., the 
minimal configuration with one Memor~ channel and one 
Sync/~o~stick channel) using the procedure. of 
Paragraphs 2.2 through 2.7. 

4. Prepare any additional display monitors (refer to 
Paragraph 2.3). If multiple monitors are to be attached 
to a single M7061, only the last monitor in the string 
must be terminated in 75 ohms. For exampl~, if two 
VRV02:s are used on the same channel, the first one must 
have th e 75-0HM/HIGH tog g I e stili tch on . 1 e rear of th e 
cabinet in the HIGH position (down); the ast one must 
have the switch in the 75-0HH position (up). 

5. Configure the switches and Jumpers on each additional 
M7062 Image Memory and M7061 module, carefull~ assigning 
the channel numbers and functionality. Note especially 
that all M7062 Image Memory modules must be configured 
to run in the same mode (Interlaced or Non-Interlaced) 
and that additional M7061 modules must be configured as 
Slaves (s~nc generation logic disabled>. For the M7061, 
refer to Table 2-13. For the M7062, refer to Tables 
2-14 or 2-15. 

6. Install and check out the additional modules, cables, 
monitors and Joysticks one channel at a time. 

7. Check out and accept the system u~ing the supplied 
diagnostic program. 
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ROW 1 

ROW2 

ROW 3 

ROW4 

ROWS 

ROW 6 

RQW9 

M7064 

DiSPLAY 

PROCES· 
SOR 

SLOT A 

512 x 256 x 4 

M7062 M7061 
SYNC 

9,B,7,6. IMAGE 7,6,5,4 GEN, 

MEMORY DIA, 

CHANNEL AND 

0 CURSOR 
CONTROL 

M7062 M7061 

IMAGE 7,6,5,4 DIA 
9,B,7,6 

MEMORY AND 

CHANNEL CURSOR 

1 CONTROL 
ONLY 

512 X 256 X 4 

Figure 2-32 

COMPOSITE 
VIDEO TO 
MONITOR 0 

COMPOSITE 
VIDEO TO 
MONITOR 1 

VSV11 System wI Two Independent Monitors 

SLOT B SLOT C SLOT D 

~ ________________ S_Y_N_C~G~E_N/~C_U_R~SO~R~(M~7~~~1~) ____________ -J1 I 
IMAGE MEMORY (M7062) I JL CHJl.C;-NEL 

I 
I 
'----------------------------~~~--------------~~~ I} TERMINATOR RESISTOR 

r-----------------~~------------------------~ CHANNEL PACKS ARE INSTALLED 
IMAGE MEMORY (M1~2) I 1 ON THIS MODULE ONLY. 

'----------------------------------------------~ -...~ 
'--________________ D~IS~P~~_Y~PR~O~C~E~~~R~(~M~7~~~) __________ ~1 REMOVERE~~OR 
. PACKS FROM THIS 

I 
I 

I 

SYNC GEN/CURSOR (M7~1)-

MODULE. 

-THE SYNC GENERATOR LOGIC IS DISABLED ON THIS M7~1. 

Figure 2-33 
Module Arrangement 'or 2-Monitor System 
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CHAPTER 3 

PROGRAMMING REFERENCE 

3. 1 INTRODUCTION 

This chapter pr.§@nts machine-level programming information for 
the VSVll/VSll graphic s~stem. The discussion presented assumes 
the VSV11/VSll programmer has prior programming experience in 
graphics. There~ore, the programming information presented h@re 
is a machine-level programmer:s reference rather than an 
application programming reference. Topics discussed include the 
VSV11/VSll programming concept, bus addressable registers, system 
interrupts, the VSV11/VS11 instruction set, and the make-up of a 
CPU memory display file. 

3.2 VSV11/VSll PROGRAMMING CONCEPT 

Data to be displayed by the VSV11/VS11 is first organized into a 
display file in the memory of the host CPU. This file consists 
c~ ~ seri9s o~ VSV11/VS11 instructions <graphic. control, and 
data instructions) which define an image. In essence, the 
display file is a program written in the VSV11/VS11 machine 
language. After the display file is constructed. the VSV11/VS11 
dis pIa y .. pro g ram II i sin i t i a t e~ d b y mo vi n 9 the dis pIa y f i 1 e -
starting address to the VSV11/VS11 Displa~ Program Counter (DPe). 
Once initiated, the VSV11/VS11 issues Non-Processor. Re~uest$ 

(NPR~s) to se~uence through the display file instructions and 
generate the desired image on the ~~st.m monitor. Since the 
VSV11/VS11 contains an Image Memory. continuous image refresh 
from CPU memory is not re~uired. After one pass through the 
memory file, the file may be altered or removed. 

Pictures are produced by writing pixel data into one or more 
image memories. The memories to be written must be enabled for 
writing by the program via a control instruction and. since more 
than one memory can be write-enabled at ~ time, the program must 
also assure that memories not to be written are placed in a 
Read-Only or Protect st.te. Once the graphic data is written, 
the program must assure that the memory is placed in a Read-Only 
or Read/Writa state so the pixel data is "read outll to the 
monitor. Image memories 'eed data to a Sync QaneratorlCursor 



Control modu1. (t.rm.d a "S~nc/~o~.tick Chann.1) for di.p1a~ on a 
monitor. Th.r. can b. up to 'our m.morv chann.ls and 'our 
Svnc/~ov.tick chann.l.. A S~nc/~ov.tick chann.l can b • 
••• oci.t.d with' on., two, thr •• or 'our m.mori •• , it i. the 
r.spon.ibilitV 0' the di.p1aV progr .... r to kno~ the SV. t • m 
configuration so th.t m.morv and Svnc/~oV.tick op.ration. ar. 
coordinat.d. Th. image m.mori •• have an ".dgl' d.t.ct" circuit .0 
that data ~ritt.n to coordinat.s b.vond the vi.ibl. scr •• n ar •• 
do.. not "wrap around"J data will not wrap around until 12 bits 
of position, in the 1024-point format, ar •• Ic •• d.d (th. vi.ibl. 
ar.a i. .cc •••• d with up to 10 bit. of coordinat. data, but the 
l •• st-.ignificant bit is not us.d). 

3.3 VSV11/VS11 ADDRESSABLE REQISTERS 

Th. VSV11/VS11 h.s four d.vic. regi.t.r. which can b. .ddr •••• d 
for r.ad/write transf.rs from the LSI-11 Bus. Th.s. regist.r. 
Ar. 1i.t.d in Tabl. 3-1, along with th.ir standard factorv 
addr •••• s. 

Tabl. 3-1 
VSV11/VS11 Addr.ssab1. R.gi.t.r • 

R.gi.t.r IH.!Il.I. 

Displav Program Count.r (DPe) 
Displav Statu. R.gist.r (DSR) 
Displav X St.tus R.gi.t.r (DXR) 
Di.plav V Status R.gist.r (DVR) 

• • c tor" 
IJLI. Addr,sl 

(Octal) 

772010 
772012 
772014 
772016 

Data can b. r.ad from or.writt.n into th.s. r.gist.rs onl" wh.n 
the VSV11/VS11 Displa" Proc.ssor (abbr'viat.d DP or DPU) i. in 
the int.rnal stop (IDLE) condition (bit 15 of the DSR r.gist.r 
s.t). An att.mpt.d writ. to any of ·th.s. r.gist.r. while the 
Displa" Proc •• sor i. running will caus. the Displa" Proc.ssor to 
halt aft.r cOMpl.tion of the displa, in.truction thati. 
curr.ntlv b.ing proc.ss.d. R.ading an" of th ••• r.gi.t.r. whil. 
th. Di.pla, Proc •• lor il not Itopp.d r •• ultl in r.ad-back data of 
all l.ros. 

Th. addr.ss of the d.vic. r.gist.r block can b. 5~itch-s.l.ct.d 
to b'gin on any 4-word boundary in the 110 r'gilter pag._ Th. 
g.n.ral r.gilt.r addr'll .p.cificationl will th.r.for. b. giv.n 
al 711110 through 711116 in th. following paragraphl. 

r.f.rs to 
the "Soft 

il writt.n 
During the 

ar. cl.ar.d 

In the discullions which follow, the t.rm "Initializ." 
the occurrence of th, Bu.-INIT lign.l and to 
Initializ'" function p.rforM.d wh.n 100000 (oct.l) 
into the DVR r.gilt.r (Paragraph 3.3.4>. 
initialization s.qu.ne •• v.rious int.rnal r'gisters 
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or set to kno~n states, pending interrupt •• r the 
Oraphic Mode is cleared to Character mode, the ~ov~tlck ~ch 
and Cursor Match interrupt enable. .re cle.red, the ,,'1 ~ 

intensitv i. turned o'f, and all image .e.orv channels .re s.t tc 
the Write-onlv mode and the image memories are cl.ared. In 
addition, • sel'-test .equence i. per'ormed in which the DaUS 
Data line. are checked and the state 0' v.riou. status signals 
verified. If a problem is detected, the .ppropriate error code 
is loaded into the CSR regi.ter (Paragraph 3.3.2.4) and the Idle 
state i. entered directlv without clearing the Svnc/~ovstick 
channel. Dr image m.mori... The initialization •• quence la.ts 
approlimatelv 40 milliseconds, during which time the Displav 
Processor regist.rs are not acce.sible. Th.r.fore, the program 
must ~ait 'Dr the STOP bit in DBR to appe.r be'ore attempting anv 
operations ~ith the VSV11/VSll. After the STOP bit .ppears, it 
is recomm.nded that the eSR b. check.d for anv .rror. before 
proceeding. 

3.3.1 Di.plav Program Counter (DPe) 711110 

The Displav Program Counter (DPe), .ho~n in Figur. 3-1, cont.in. 
the virtual addre.. of the nelt host m.morv location to be 
.ddr •••• d bV the VSVll Di.plav Proces.or. It can be read and 
~ritten at the general addr.ss 711110. Th. ope contains a 16-bit 
numb.r repre •• nting the address of a word ~ithin the us.r's 
displav fil.J int.rn.llv,the DPe hold. a .emorv bVte addr.s. 
~ith bit 0 al~ays 0 (the VSVII addresses host .emorv on • ~ord 
basis onlV>. 

READ CONDITION 
14 11 09 08 07 05 04 03 02 01 

~- I 

SEG· 0- MAIN 
SEG .. 1 .. AUXILIARY 

WRITE CONDITION (START) 
07 06 05 

WRITE CONDITION (RESUME) 

MIII·508 

Figure 3-1 
Display Program Counter (DPe) 
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Th. l~-bit DPe c.n onlV r.f.r.nce up to 32K words of memorv, 
since it c.n generate .ddres ••• onlv in the r.ng. 0-177776. In 
order to .llow the displav file to b. pl.c.d .nywh.r. within the 
12BK-word bu. address .pac. (using IS-bit .ddr.ss •• ), the cont.nt 0' DPe i. not u •• d as • dir.ct phV.ic.1 .ddr.... Rath.r, the 
virtual .ddre •• in DPC is .dd.d to • R.location v.lu. to Vi.ld .n 
lS-bit phvsic.l addr.... Th. r.loc.tion .tructur. u •• d in the 
VSV11, described in Paragr.ph 3. 3.2.~, allows. displ.V file to 
.tart (virtual DPC-O) on any 32-word boundarv in phv.ical memorV i 

this is con.istent with the reloc.tion re&olution 0' the memorv 
mapping mechani.m 0' the PDP-II. 

The VSV11/VSli also has the abilit~ to limit the r.ng. of ope 
addre.sing to an are. Ie •• an 32~ words. Limit. can b •• et for 
2'-" 4~, 8K, or 16K words, under control of a Protection Ma.lc. In 
addition, a bit can be set to inhibit the DPU 'rom writing into 
memorv when a DMA Pi.el Re.dbaclc instruction i. encountered. Th. 
Relocation value, Protection Mask, and Write-Protect bit ar. 
collectivelv termed the "memorv management H param.ters. Th ••• 
are described in Paragraphs 3.3.2. ~ through 3.3.2.8. 

The virtual are. that the DPC can addre.s i. t.rmed a IIsegmentlt. 
The VSV11 supports up to two such segm.nts. term.d Main and 
Au.iliarv- Each is associated with it. own set of 
memory-managem.nt paramet.rs (4-bit protection ma.k, I-bit 
write-prot.ct, and 12-b1t r.location valu.). iormallv, the 
Displav Proc.ssor e.ecut.. disp1aV in.truction. from the Main 
segment. Th. Auxiliarv segment can b. used for displav 
subroutines (called via the CHARACTER or D~MS in.tructions) and 
'Dr Bit Map data. The DPOP instruction returns the displav 
program to the Main segment at the end of • subroutine. 

Figure 3-1 depicts the form.t of the DPC for r.ading and writing. 
When read, bits 1-15 di.plav the virtual address 0' the n.lt 
displav word to be executedJ bit 0 indicat •• the current segment, 
being accessed (0 - MAIN, 1 - AUXILIARY). DPe (and all other 
VSV11 registers) are onl~ accessible when the Displav Processor 
is "idle"" (stopped). If a register is read while the Processor 
is "busV" (ex.cuting the displaV 'ile ~r per'orming operations 
such as Pixel Readbaclc Dr Cursor Readbaclc), all O's are returned. 
DSR Bit 15 (STOP) can b. monitored to determine the state of the 
processor. 

When DPC is written (with the processor not busV)' One of two 
actions, START Dr RESUME, ia taken depending upon the data 
written into bit O. If bit 0 is written to 0, • START 5e~uence 
i5 initiated, c.using the following: 

1. The written data is loaded into the internal DPC 
register, becoming the new displav file virtual address. 

2. The internal IICurrent Segment .. 
sel.cting the Main s.gment. 
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3 .. The internal "Proce •• ing Character N 'lag i. ..red, 
'orcing a new character ~ data ~ord to b, ~ •• u A the 
proce •• or i. pre.entlv in Character "ode and a data ~ord 
i. the 'ir.t displav file item fetched. 

4. Bit 0 0' the PCSAVE regi.ter (Paragraph 3.3.2.2) is .et, 
indicating that it is ".mptv" and i. availabl. for u.e 
during .ubroutines and Bit Hap modes. [000001 is loaded 
into PCSAVEJ 

6. The internal DSR-Iocation Register Select code 
(Paragraph 3.3.2) i. cleared to 0, .electing the actual 
DSR registers this facilit.tes monitoring of the STOP 
bit. Pending interrupt. are also cl.ared. 

7. The "~orking" memory-management regi.ters are loaded 
with the parameters .tored in MAIN"M or AUXMM 
(Paragraph. 3.3.2.5 through 3.3.~.B), depending ~pon the 
.tate 0' the "Current Segment" 'lag (on a START, the 
parameters 'or the Main .egment ~ill alway. be u.ed). 

B. Di.play proce •• ing commence. with a dispatch to the 
current graphic-mode instruction, ~hich 'etc he. the ~ord 
addres.ed bV the virtual addre •• in DPC. 

I' bit 0 0' DPC is written to 1, a RESUME sequence is initiated. 
Bit. 1-15 0' the data are ignored, leaving the current DPC 
intact. The •• quence begins at Step 5 above. Not. that the 
Current Segment and Character Proce •• ing 'lags are l.ft intact. 

DPe is c1.ared bV Initi.1ize (bus INIT signAl or programmed 
initi.liz.i. 
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The DSR bu. location, at gene~al add~e •• 711112, .erve ••• a data 
·path~a~· to .everal internal VSVII regist.r.. Th. p.rticular 
intern.l ~eli.ter to be ~ead o~ ~~itten i •• elected bV ~riting • 
s.lection code into bits 2-0 0' the DSR location. Th. register 
is ~ritten bV w~it1ng into DSR a ~ord that h •• the s.lection code 
in bit. 2-0, bit 3 .et to 1 (W~ite-Enabl.), and bit. 1~-4 
containing the r.gi.ter-speci'ic data to b. ~~itt.n. A regi.t.r 
is read by 'i~.t ~riting the .election code and then reading DSR 
to obtain the data. Note that writing DSA with bit 3-0 (no 
w~ite-enabl.) •• t. the selection code and cause. no data to b. 
w~itten. 

Table 3-2 li.t. the DSR .election code.. Each of the •• lectabl. 
registers i. d.5C~ib8d in the ~ollowing paragraphs. 

DSR(2:0> 
~ 

o 

1 

4 

5 

7 

Table 3-2 
DSR Selection Codes 

WRITE 

FLAQS (Clear pending 
interrupts and JOY
.tick lockout) 

eSR (Control-Status) 

Hain-Segment 
Relocation 

Main-Segment 
Prot.ction 

AUliliary-Segment 
Relocation 

AUlilia~y-Segment 
P~otection 

DSR (Displav Status: 
Op-code, P·l.1 Data, 
and Stop B:at) 

PCSAVE (DPC for subroutine 
r.turn) 

FLAQS (Pending inter~upt., 
~ovstick Lockout and 
cur~ent Q~.phic-Hod. 
Op-code) 

eSR (Control-Statu.) 

MAINMH (Hain Mem. Mgmt.) 

HBASE (Histogram Sa •• & . 
segment w~ite-protection 

AUXMM (Aul M... Mgmt.) 

CBASE (Characte~ B ••• ) 

Th. Selection code (stored internally) i. cleared to 0 ~h.n.v.r 
the Displav Processor becomes "busy" (1 .•. , on .nv ~rite to the 
ope, DXR or DYR registers, 'or a START, RESUME, PIXEL READBACK, 
WRITE ~VSTICK STATUS REQISTER etc.) to facilitat. program 
interaction with the STOP flag 0' DaR. 
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3.3.2.1 ,DSR (Display Status) [Select - OJ -

The int.rnal DSR r.gist.r (Figure 3-2) holds PIxel Data. 
In.truction Dp-cod.. .nd th. STOP flagl th •• e field. .re 
described in Tabl. 3-3. Writing DSR ",ith 0 .elec,t. the internal 
(IIr.al") DBR. Th. DSR it •• lf is r •• d-onlVI it c.nnot be 
IIIr i tten. 

WRITE CONDITION 

DE:: An "nlun.Tln~1 
n~"~ ~U."~I I lUI,. 

15 14 13 

I STOP I 

NOTE 

On a STOP 'ollo~ing elecution of 
the DHA PileI R.ad~.c. di.pl.V 
in.truction. the DSR cont.in. the 
entire instruction .. ordl the 
curr.nt pixel data field, DSR 
<9:0), i. not pre.erved. 

12 11 10 09 08 07 06 05 04 

O~'COO~ :PIXEL:OATA: 

Figure 3-2 
DSR R.gist.r Bit ConFiguration 
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Bit 

15 

14-10 

9-0 

T.ble 3-3 
DSR Register Bit Definitions 

STOP Flag 

OP-CODE 

Pi.el Data 

Description 

When s.t, indicates that the Displa" 
Processor is in the stopped or "IDLE
stat. (regi.ters can be re.d .nd 
wri tten). 

Current Instruction Dp-code (bits 10-14 0' the l •• t instruction ~ord 'etched 
'rom the displa" fil.). 

Current Pi.el Dat. (bits 0-9 0' the l.st 
Oraphic Hod. instruction 'etched 'ro. 
the displav 'ile), or contents 0' the 
im.ge .emor" at a speci'ied X,V location 
returned 'rom the Pi.el Readback 
op.ration (Paragraph. 3.3.3 and 3.3.4, 
DXR ~ DVR descriptions, 'or Pi •• l 
R •• db.ck procedure). A,ter e.ecution 0' 
a DHA Pi.el Readback instruction, bit. 
9-1 0' this field cont.in bits 9-1 of 
the 'irst instruction 'jJordJ bit 0 
contains the "incompl.te" 'lag 
(Paragraph 3.5.3.3). 
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Writ-ing.l into the DBR bu. loc.tion .elect. the F",,;)AW'i;. regiat." 
for re.ding. The regi5ter form.t i •• ho~n in Figure 3-3. 

Th. Di.pla~ Proc ••• or impl.m.nts a limited di.pl.~ .ubroutin. 
c.pabilit~, allo~ing "subpicture" routin •• to b. c.ll.d fro. th. 
main di.pl.~ 'ile progr... Such subroutin •• are called ~ith th. 
CHARACTER Oraphic Hod. instruction .nd with th. D~HS (Di.pla~ 
JUMp-to-Subroutine) _in.truction. Th. -r.turn .ddr ••• •• (to g.t 
back to th. .ain di.play program with. DPOP instruction) i. 
stor.d in PCSAVE. PCSAVE therefore cont.ins the virtual .ddre •• 
of the next element to be f.tched fro. the main di.pla~ file. 
Bit 0 0' PCSAVE i5 th. "empty" indication: 

PCSAVE(O>=O: Full. A subroutine is not allowed to be called, 
since th. processor is .lre.d~ in on •. 

Note that .ubroutin.. c.nnot b. called 'rom the aUlili.r~ 
•• gment. PCSAVE i. also u •• d during proc ••• ing 0' Bit= Hap and 
DMA Pix.l Readback in5truction. to •• ve the displa~ IiI. .ddr •• s 
when the DPC is used 'or the data "di.patch" addre •• , so one 01 
the.e in.tructions cannot be used within a subroutine. 

WRITE CONDITION 

READ CONDITION 
15 14 13 12 11 10 09 08 07 06 05 04 03 

I I I I I I I I I 

PC SAVE (SUBROUTINE RETURN ADDRESS) 
I I I I I I I I 1 I I I 

Figur. 3-3 
PCSAVE/DSR-SELECT-l Register Configuration 
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3.3.2.3 FLAwS (P.nding Interrupts. Or.phic Mode) [Select-2l -

Writing. 2 intD the DSR bu. locatiDn .elects the intern.l FLAGS 
regi.ter 'or re.ding. The contents 0' FLAGS displavs the current 
Graphic Mode and indicate. the pre •• nce D' interrupt requests 
i •• ued bV the Dl.pla, Proce •• or. Writing. 12 (Write-Enable + 
SELECT CODE 2) into the DSR loc.tion cle.rs .11 pending 
interrup~.. Pending interrupts and 'lag. are a1.0 cleared bV • 
START or RESUME (Paragraph 3.3.1). Figure 3-4 shows the for •• t 0' FLAgS. Table 3-4 describes .ach bit. 

WRITE CONDITION 

WRITE CONDITION 

00 

CLEAR PENDING INTERRUPTS 

READ CONDITION 
15 . 14 13 12 1 t 10 09 08 07 06 05 04 03 

I I I 
JS V GRAPHIC MODE 0 0 0 0 0 0 0 

LKO 
I I I 

Figur. 3-4 
FLAQS/DSR-SELECT-2 Regist.l" Con'igu1"ation 

3-10 
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Bit 

15 

14-11 

10-4 

3 

1 

o 

Table 3-4 
FLAQS Regi.ter Bit Definitions 

Name 

"Valid" 
Flag 

Graphic 
Hod. 

Unused 

JS LKO 

VEC BIT 
2 

INT REG B 

INT REG A 

-1 if bit. 
repr ••• ntation 
Mod •. 

De.cription 

14-11 contain _ valid 0' the current graphic 

Op-cod. (Bits 14-11) 0' the last graphic 
Hode instruction ,.tched 'rom the 
display file. 

~ovstick Lockout. Set to 1 when the 
~oV.tick ~itch Interrupt (~SSWI) 
condition ('ro. the currently •• lected 
SYNC module) i. recognized bV the DPU in 
the Idl. at.t., INT REO B and VEe BIT 2 
are also .et at this ti •• in order to 
post the interrupt. ~SSWI i. only 
recognized if all of bits FLAQS(3:0> are 
clear. Therefore, the programmer must 
~rite into FLAgS i' more than one ~SSWI 
interrupt must be detect.d. Thi. action 
allows time for the program to read the 
Cursor coordinates. 

Vector Bit 2 'or INT REG A or B 

Request pending on Channel B. If VEe BIT 
2-0, ERRDR interrupt i. p.nding. If VEe 
BIT 2-1, ~OYSTICK SWITCH interrupt is 
pending. 

Request pend ing on Channel A. I.f VEe BIT 
2=0, a STOP interrupt i. pending. If VEe 
BIT 2-1, a CURSOR MATCH interrupt is 
pending. 

NOTE 

INT REG A and INT REG Bare 
.utuallv exc!usiveJ only one 
Interrupt mav be pending at anv one 
ti.e. 
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3.3.2.4 CSA (Control-Status Register)[Select-3](Read/Write) -

Writing 3 into bits 2-0 a' the DSR bus location selects the CSR 
'or reading (bit 3-0) or ~riting/reading (bit 3-1). Figure 3-5 
shaw. the 'or.at of CSA and T.ble 3-S describes each bit. 

I 
I 

READIWRITE CONDITION 
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00 

I T I [X 
• r CH EN c>< WE 0 1 1 CHANNEL FSI ERR ERROR CODE PROT RCHK 

I I I I 

MA·5032 

Figure 3-~ 
CSR Register Configuration 

T.bl. 3-5 
CSR Register Bit Definitions 

Bit 

15 

14-11 

10 

9-8 

ERR 
(Composite 
Error Flag) 

Error Code 

CHANNEL 

7 CH PROT 
(Channel 
Protect) 

Description 

ERR is the inclusive-OR ~~ all error 
code bits (bit. 11-14), It i5 .et ~hen 
the DisplaV Processor sets an error 
code. All errors cause displa" 
processing to stop. 

Set bV the DPU/TO indicate the tvpe of 
error encountered, ~s detailed in 
Tabl. 3-6. 

(Can be ~ritten ~ read, but has no 
function) 

If the CH PROT bit is 1, these two 
bita replace.the Channel Select bits 
of the dat~ sent on the DSUS during 
the ~OYSTICK STATUS, LOAD STATUS C, 
WRITE EXTENDED JOYSTICK CONTROL, and 
WRITE CURSOR COORDINATES displ." 
i nstruc tions. 

I' this bit is 0, Image Memorv and 
~ovstick channels are selected '1'0. 

I I 

. the displav file, via bits in the 
~OYSTICK STATUS, LOAD STATUS C, WRITE 
CURSOR COORDINATES or EXTENDED 
~DVSTICK CONTROL instructions. I' this 
bit is i, channel selection is 
supplied 'rom CSR{9:B>. 

1-------1-------------- --------------------~-~-----------------
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Bit 

6 

5 

4 

3 

2-0 

Tabl. 3-S (can It) 
CSR Register Bit Definitions 

EN RCHK 
(Enable 
R.ser"ed 
Operation 
Check) . 

FSI 
(Forc. Stop 
Intttrrupt) 

Selection 
Code 

D.scription 

Setting this bit enable. the Displav 
Processor to produce the RSVD DP error 
condition. If this bit is 0, undefined 
operation codes are treated as NO-oPls 
and most undefined data fields are 
ignor.d. Sam. specific RSVD OP errors 
are 'lagged ."en i' this bit is O. 

Setting this bit assures than an 
interrupt is r.quested when."er the 
Displav Processor stops display 'ile 
processing. This includes a STOP coded 
into _ Statu.-A in.truction regardle.s 
of whether the Stop Interrupt was 
.nab led. 

Not includ.d is the transition from 
"busy" to Nidle" at the .nd of 
functions perfor •• d bV writing into 
the DXR or DVR regi.ters (e.g., Pixel 
R •• dbaclc and "Soft Initialize"). (See 
descriptions of the DXR and DVR 
reg i sters >. 

(Can b. ~ritten ~ read, but has no 
function) 

A 1 must be ~ritten into this bit tb 
caus. bit5 4-15 of th. CSR to b. 
~r itt.n. I f a 0 i s -wr itt en in t 0 WE, 
only the intern.l register selection 
code is ch.ng~d, allowing th& .elected 
register to be subsequently read. 

The DSR "egister selection code is 
.tored internally in bits 2-0 of the 
CSR scratchpad register. So, the.e 
bits will always ha"e the CSR 
sel.ction code (011) ~hen CSR is 
accessed. 
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I 
I 
I 
I 
I 
I 

Code 

1 
-0001 

3 
-0011 

5 
-0101 

4 
-0100 

6 
-OliO 

t 
I 

Tabl. 3-6 
CSR Error Cod •• 

NXI1 
(Nonexi.tent 
" •• or~ 
Error) 

riPE 
(M ... or'J Prot.c
tion Error) 

RSVD DP 
(R •• erv.d 
Op.r.tion 
Error) 

SEQ ERR 
(S·Clu.nc. 
Error) 

Vector "EndpointH 
Mi.match Error 

D •• cription 

Set b, th. Di.pl.~ Proce •• or to 
indicate th.t, during. DHA c~c1e, 
a me.or~ location ~a •• ddr •••• d 
but no re.pon.e ~a. rec.ived 
within 10 microsecond •. 

Set b~ th. Di.pl.'J Proce •• or to 
indicat. th.t the virtu~l .ddr ••• 
in DPC i. out 09 range. The DPC i. 
te.t.d .g.in.t the protection .a.k 
befor ••• ch DMA evel.; if an, bit. 
in DPC are s.t (1) corre.ponding 
to bit. .et in the mask, HPE and 
ERR are •• t, displav proce.sing 
.top. and the ERROR interrupt i. 
r.Clu •• ted. Th. MPE .1'1'01' al.o 
occur. if, during the DMA Pixel 
R •• dback in.truction. the data 
addre.. i. in. wr: ~.- prot.ct.d 
•• gment. 

s.t bV the Disp1av Proce •• or to 
indicate that on. of the und.fin.d 
(unus.d) op.r.tion code. wa. 
f.tch.d and decod.d, or th.t an 
unused fi.ld in e.rtain 
instruction. wa. nonzero. Checking 
of r ••• rv.d op.ration .rror. is 
don. only if EN RCHK - 1. 

Set bV the Display Proc.ssor to 
indicate • programming inconsi.
t.ncy, . such •• .ncount.ring a 
CHARACTER instruction while 
.lread, proc.s.ing • ch.racter 
.ub pic ture. 

s.t to indicate that th. X-V 
endpoint r.ached .fter the DPU 
draw. a vector doe. not .qu.l the 
X~V coordinat •• computed fro. the 
De1t. parameters b.fore the vector 
i. drawn. Thi. error usua11V 
indicate. a DPU probl.. in the 
2901 c.rr~ or .hift logic. 

.-------1------------------ --~--------~~~-----------------~--
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7 
-0111 

10 
-1000 

11 
-1001 

12 
-1010 

13 
-1011 

14 
-1100 

15 
-1101 

-0000 
-1110 
-1111 

Table 3-6 (con't) 
CSR Error Codes 

Unu.ed Micro .. ord 
Error 

S"nc Ti.eout 
('1'0,. I.age 
Me .. or,,) 

DATA AVAILABLE 
Ti .. eout 
(Pixel R •• db.ck) 

DATA READY 
Ti.eout 
(~o~stick Statu.) 

DSUB DATA 
Read/Write Error 

DBUS Signal 
Hung 

VBUS (Video Bus) 
Signal Hung 

S.t to indicate that the DPU 
executed an unused location in the 
microcode. (Indicate. a 
.icroprogra. sequencer proble.). 

Set to indicate that sync was not 
received '1'0,. I.age Memory ~hile 
the DPU wa. preparing to ~rite 
into the .e .. ory. Indicate. that 
either no .e.ory wa. write-enabled 
Dr that the selected me.orv is 
.... 1 'unc ti oni ng. 

Set ~hen 
received 
the DPU 
Re.dbac k. 

DATA AVAILABLE is not 
'rom Image Memory while 
i. p.r~orming _ Pixel 

Set when DATA READY i. not 
received from the .elected sync 
module while the DPU is trying to 
re.d Dr write the cursor 
coordinates. Indicates a 
m.l'unctioning or nonexistent sync 
.. odule. 

Set to indicate that, during 
.el'-test, the DPU transmitted a 

! data patt,rn onte the DeUS but did 
not read back the same pattern. 
Indicates a problem with either 
the DPU's DSUB drivers Dr 
receivers or with a s"nc Dr memor" 
board transmitting illegally. 
[After stop, DXR - expecte6 data, 
DVR - actual data. l 

Set during self-test and several 
other oper.tions to indicate that 
one of the DBUS status signals is 
hung (asserted illegally by a sync 
Dr .. e.ory board). 

Set during self-test .nd several 
other operation. to indicate that 
a VBUS status signal is hung. 
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3.3.2.5 Main-Segment Reloc.tion/H •• orv M.nage •• nt [S.I.ct-41 -

S.l.cting r.gi.t.r 4 in the DSR bu. location allo~s the 
M.in-8.1 •• nt Relocation p.rameter to b. .ritten (i' bit 3 i. 
written to 1), and the entire Hain-Seg •• nt M •• orv Manag •• ent 
r.gister (R.location .nd Protection Ha •• ) to b. r.ad b.ck. 
Figure 3-6 d.pict. the register for.at. for writing and reading. 

A 12-bit relocation valu. (MR(17:6» i •• p.ci'i.d by writing into 
the DSR loc.tion "lith bits 3-0 configur.d as "1100" (oct.l 14>
Thi. v.lue, .tored int.rnallv in bits 11-0 of the MAINHH 
regi.ter, i. Ju.tifi.d and .dd.d to the DPe content. to produc. _ 
phvsic.l •• morv addr... during each DMA cvcle. Figure 3-7 
d.picts the r.location proc •••. 

The r.loc.tion valu. (and prot.ction .a.k and W~it.-Prot.ct bit) 
is cl •• red bV Initialize, cau.ing the the DPe to ref.rence 
phv.ical addres ••• in the range 0 - 32K word •. 

WRITE CONDITION 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I f I I I I I I 

MAIN·SEGMENT RELOCATION BITS 17-06 (15:04) 1 1 0 0 
I I ~ I I 

WRITE CONDITION 

READ CONDITION 
15 14 13 12 11 

, I J I 

MEMORY MASK (15:12) 
I L I I 

L i I I I 

10 09 08 07 06' 05 
I I I I 

I -
MAIN ,GMENT RELOCATION 

00 

o 

SELECT MAIN·SEGMENT MEMORY 
MANAGEMENT FOR READING 

04 03 02 01 00 
I I 

MAIN·SEGMENT RELOCATION BITS 17-6 (11 :00) 
1 ~ I ~ ~ l L ~ I 1 

READ MAIN·SEGMENT 
MEMORY MANAGEMENT 

MR5033 

Figur. 3-6 
M.in-Seg •• nt R.location/Me.ory-Man.ge •• nt 

R_g i st.r FOrifU.t 
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t.J 
I ... 
" 

WRITE RELOCATION PARAMETER 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

~EMOR~ REl~CATI~N BIT~ 17-~ (l5'04~ ~ELEC~ 
\ ... 

RELOCATION STO.RED IN 1 MAIN-SEGMENT 
A 

MEMORY MANAGEMENT I 

15 14 13 12 11 10 09 08 07 DEi 05 04 03 02 01 00 

~EMO~Y REL~CAT+N BI~ 17~ (11:~1 
\ --y , 

_J. 

11 16 15 14 13 12 11 10 09 08 07 06 

RELOCATION JUSTIFIED I 
FOR ADDING TO OPe ~EMO~Y REL~CATI~N BIT~ 17-~ (II '~I 

.., 

OPe VIRTUAL ADDRESS 

15 14 13 12 11 10 09 08 07 06 05 

I : : : DPC ~IRTU~ L AD~R[SS: 
\ , I~ 

MEMORY RELOCATION 
BITS 17-06 ADDED TO 
THE DPC VI RTUAL 
ADDRESS BITS 15-06 

18 BIT PHYSICAL ADDRESS A 

---------------------------~~------------------------~\r'------------~----------~ 
~ 

17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

o 

-
Figur~ 3-7 

Virtual-to-Phvsical Memorv R.location Proc.ss 

04 03 02 01 00 

I 0 I 
"t 
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Selecting register S in the DSR bus location allows the 4-bit 
M.in-Segment Memorv-Prot.ction Mask and the Write-Protection bit 
to b. written and the HBASE (Histogram Ba.e> Register to b. read. 
Figure 3-8 depict. the register formats for writing and re.ding. 

The 4-bit Main-Segment Protection Mask parameter (HM<15: 12» is 
speci'ied b~ writing into the DSR location with bit. 3-0 
configured as 1101 (octal 15-WE + Select 5). The mask value, 
speci'ied in bits 15-12 of the word, is stored in bits 15-12 of 
the MAINMM register (which can be read back with Select Code 4). 
When the Display Processor is executing out of the main 
displa~-file segment, this mask value (concatenated with O'S in 
bits 11-0 in the internal ma.k register PMASK) is logicall, ANDed 
with the virtual address in DPC. If the result i. non-zero. the 
DPC is considered to be out 0' range. and displa~ processing 
stops with the MPE error condition. The reasonable settings of 
the protection mask are given in Table 3-7. 

MM<15: li> 

0000 
1000 
1100 
1110 
1111 

Table 3-7 
Protection Mask Settings 

SEQMENT 
SIZE 
(WORPS) 

32K 
16K 
8~ 

4K 
2K 

VIRTU~L ADDRESS 
RANgE ~QCTAL) 

0-177776 
0-077776 
0-037776 
0-017776 
0-007776 

Writing a 1 into bit 9 (MWP) write protects the main segment 
data cannot be .tored by the DMA Pixel R.adback instruction. 
Writing a 0 into bit 9 clears the main segment write-protect, 
allowing data to be stored. The main-segment write-protect 
appears as bit 15 of the HBASE register.. 

When the DSR location is read after Select Code 5 has been 
specified, the internal HBASE (Histogra. Base) register is 
obtained. This register contains bits 9=1 of the value loaded 
with the SET HISTOGRAM BASE instructionshi,ted right 1 place. 
Paragraph 3. ~.2.4 describes the SET HISTOGRAM BASE instruction. 

Bit. 15 and 14 0' HBASE contain the Main- and Auxiliarv- segment 
Write-Protect bits, respectively. 

Th. Protection Mask ~nd Write-Protect bit ar. cle.red b~ 
Initializ.. allowing a 32K-word writ.-enabled Main Segment. The 
HISTOQRAM BASE r.gister is also cl •• red by Initiaiize. 
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WRITE CONDITION 
15 14 13 12 

~AIN.S:EGME~T 
~EMORY (15:1.2) 

WR ITE CONDITION 

READ CONDITION 

11 10 09 08 07 06 05 04 03 02 01 00 

[)([)(]MWP ~ 
MAIN SEGMENT PROTECTION MASK 
AND WR ITE PROTECT 

11 10 09 
RESERVED 

HISTOGRAM 
BASE EXP 

08 07 06 

Figu-r. 3-8 

05 04 

02 01 00 

o 

SE LECT H ISTOG RAM BASE 
FOR READING 

03 02 01 00 

MR·5035 

DSR S.l.ct-Cod. 5 R.gist.'r Fo-rmat. 
(Main S.gm.nt M •• k/HBASE R •• dback> 
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Selecting ~egist.~ 6 in the DSR bus location allo~s _~iting 0' 
the Auxilia~~-Segment Reloc.tion p.~a.ete~, .nd ~e.db.ck 0' the 
AUXHH (Aulili.~~-Segment Me.or~ Manage.ent> ~egiste~, containing 
the ~e10cation (XR<17:6» .nd p~otection-mask (XM<15: 12» 
p.~amete~s fo~ the auxi1iarv displav-file segment. The ~egiste~ 
fo~mat is sho~n in Figure 3-9. This register functions 
identic.11~ to that 0' Select Code 4, ~ith the exception that it 
applies to the AUlilia~v rather than the Main segment. [The 
.ulili.~V segment can be used for displ.~ subroutines. Bit Map 
data and DMA Pi xe1 Readbac k data. ] 

WRITE CONDITION 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I I I I I I I I I 

AUX·SEGMENT RELOCATION BITS 17-06 (15:04) 1 1 1 a 
I I I I 1 

WRITE CONDITION 

READ CONDITION 
15 14 13 12 11 10 

J I I I 

·lEMORY MASK (15:12) 
l ~ I 

I I I 1 I 

09 08 07 06 

I 

AUXILIARY SEGMENT RELOCATION 

02 01 00 

SELECT AUXI L1ARY·SEGMENT MEMORY 
MANAGEMENT FOR READING 

05 04 03 02 01 00 
I I I I' T I 

AUX·SEGMENT RELOCATION BITS 17-6 (11:00) 
I I I L I I J J I I 

READ AUXILlARY·SEGMENT MEMORY 
MANAGEMENT 

MR·!)036 

Figure 3-9 
DSR Auxiliary-Segment/Relocation Register Format 
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Selecting regi~ter 7 in the DSR bus location .llo~s the 4-hit 
Auxiliarv-Segment Protection Ma.k and Write-Protect bit to be 
written, and the CBASE (Character Base) Register to be read. 
Figure 3-10 .ho~. the register 'or •• t. This register 'unctions 
similarly to that 0' S.lect Code 5, ~ith the .xceptions that it 
~rite. the Auxiliarv (rather than Main) Protection Mask .nd 
Write-Protect, and reads back CBASE (r.ther than HBASE). The 
Auxiliarv Segment write-prot.ct app.ars in bit 14 of HBASE. 

The CBASE register holds the data ~ord load.d bV the SET 
CHARACTER BASE display instruction: bit 0 sp.cifi.s the segment 
containing the character routin •• CO ~ Main, 1 - Auxiliarv), and 
bits 1-15 .p.ci'y the virtual .tarting addr •• s 0' the ch.racter 
dispatch .rea ~ithin the s.l.ct.d s.gm.nt. 

WRITE CONDITION 

15 ~~~:~~~yG~~~~) 12 cdIXJ M:P ~ 03 

02 01 00 

WRITE CONDITION 

AUXILIARY SEGMENT PROTECTION MASK 
AND WRITE PROTECT 

~~o: 
02 01 00 

SELECT CHARACTER BASE 
FOR READING 

READ CONDITION 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

MR-50l7 

Figure 3-10 
DSR Auxiliarv-Segment/CBASE R.gister Format 
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3.3.3 X-Status R.gist.r (DXR) 711114 

R •• ding the DXR location (g.n.ral addr.ss 711114) pr.s.nts the 
contents of the internal XSR register, _hich can cont.in .ith.r 
the curr.nt X-coordinat. of the graphics position point.r (bits 
0-10 0' the internal XPD9 r.gister shi,ted left 1 place), the 
X-coordinate of • ~o~stick Hatch interrupt, or the X-coordinate 
of the cursor position on the currentl,-selected ~o,stick 
channel. Bit 1~ is a flag indicating the t"pe of data contained 
in DXR (0 - Qraphics or Hatch position, 1 - Cursor). 

Writing into the DXR location causes action. depend.nt upon the 
data ~ritten into bits 14 and 15 (Pi.el R •• dback, ~oystick Statu. 
Register write and/or cursor r.adback, restoration of X-V 
graphic. position to XSR ~ VSR, or Cursor-X-position ~rit.). 

Figure 3-11 d.pict. the DXR r.gister for •• t 
conditions. Tabl. 3-9 d.scrib.. the action. 
writing into DXR. 

NOTE 

An, write into DXR c.u.e. the 
Di.pla" Proce.sor to b.com. 
mom.ntaril, "BUSV", so the program 
.. u.t ~ait for the STOP bit in DS~ 
to s.t b.fore attempting further 
.cc •••• s. 

und.r various 
obtained ..,hen 

After the cur.or st.tus ia r.ad into DXR (Bit 15-1), bit. 11-12 
contain st.tu. for the select.d Jo"stick channel .s fol10 .... : 

Bit 11: Indicate. the stat. of' the ~VSTICK SWITCH Interrupt 
En.ble 

Bit 12: Indicates the .tate of' the CURSOR HATCH Interrupt 
Enable 



READ GRAPHICS 

15 12 11 10 

a -

READ CURSOR 
15 14 13 12 11 10 

WRITE PERFORM PIXEL READBACK 
15 14 13 12 11 10 

a a 

09 08 07 06 05 04 03 

XPOS (GRAPHIC X POSITION) BITS 10-00 
OR JOYSTICK MATCH X-COORDINATE 

09 08 07 06 05 04 03 

09 08 07 05 04 03 

WRITE JS INTERRUPT CURSOR POSITION INTO DXR/DYR 

02 01 

02 01 00 

02 01 

1 5 1 4 13 12 11 1 a 09 08 07 06 05 04 03 02 01 00 

°ll~O 

WRITE JS STATUS REGISTER 
15 14 13 12 11 10 

a 

WRITE GRAPHICS POSITION TO DXR/DYR 

09 08 

JOYSTICK 
CHANNEL 

07 06 05 04 03 02 01 00 

DATA FOR JOYSTICK STATUS REGISTER 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 I 0 

WRITE CURSOR X COORDINATE 

15 14 

MR·SOJ8 

Figure 3-11 
DXR Regist.r Formats 
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Table 3-9 
DXR Write Function. 

Bit Bit 
~ 1! Action 

o 0 PIXEL READBAC~: The following .equence i. initiated: 

o 1 

(1) Bit. 11-0 09 the data are written 
into XSRI the data i. shifted 
right 1 place and loaded into the 
internal XPOS regi.ter. Processor 
becomes "busy". 

(2) A READ 09 Image Memory is performed 
at the coordinate •• pecified in the 
XPDS ~ YPDS (Y-position) registers. 
An~ memor~ channel in write-onl~ or 
read/writ •• ode respond •. 

(3) Bit. 9-0 of the data return.d from 
memory ar. loaded into bits 9-0 of 
the DSR register: the remainder of 
DSR (bit. 10-15) i. preserved. 

(4) The internal DSR Register Select 
Cod. is cleared to 0, selecting the 
IIrea lll DSRI the DPU return. to 
"idle ll allowing registers to be 
read. 

~OVSTICK STATUS: Action depends upon contents 0' bit 10. 
Bit 10 - 0: Reading of the cursor coordinate. 

on the currently-selected ~oy.tick 
channel i. initiated (Displa" 
Proc •• sor bee ome. "b usy I.). DBA 
Register- S.lect cod. is cleared, 
selecting DSR (50 STOP bit can b. 
monitored). Cursor coordinates ar. 
returned in DXR and DVR, and the 
Displav Processor returns- to 
.. idl.... (Coordinates are return.d 
only if • Joystick switch interrupt 
i. pre.ent in the current channel. 
If no interrupt has b.en taken, the 
DATA READY Tim.out error code will 
be loaded into the CSR). 

Bit 10 - 1: Bits 0-7 of the data is written to 
the ~oystick Status Register (See 
Paragraph 3.5.2.1 for a description 
of t.h. register>. In addition, if 
Bit 6=1, the cursor coordinate. on 
the selected channel (bit. B, 9) 
a~. re.d into XSR L YSR, th. 
Display Processor is "busV" for the 
duration 01 the re.d. 
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Bit Bit 
12 1! 

1 o 

1 1 

T_bl. 3-9 (cont'd) 
DXR Writ. Function. 

Actign 

RESTORE gRAPHICS POSITION: Lo_d. th. curr.nt 0' th. int.rn.l XPDS 
r.gi.t.r. into XSR and 
di.pl_V in DXR ~ DVR). 

content. 
.nd VPOS 
VSR (for 

WRITE CURSOR X-COORDINATE: Lo.d. bit. 1-10 0# th. d.t. 
into th. X cur.or po.it1on 0' th. 
chenn.l •• l.ct.d bV bit5 11-12. 
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Reading the DVR location (general addre.. 711116) pre.ent. the 
content. of the internal YSR register, ~hich can contain .ith.~ 
the cu~rent V-coordinate of the graphic. po.ition pointe~ (bit. 
0-10 of the internal YPOS regi.ter shifted l.ft 1 plac.), the 
Y-coo~dinat. 0' a ~ovstick Match interrupt, or the V-coordinat. 
of the curso~ position on the currentlv selected ~ovstick 
channel. Bit 15 is a 'la. indicating the tvpe 0' data contained 
in DYR (0 - Qraphics or Match position, 1 - Cursor). Reading 
'unctions identicallv to reading DXR except that V in'or •• tion is 
pr •• ented. 

Writing into the DVR location causes actions dependent upon the 
data written into bits 13, 14 and l' (Pilei R •• dback, Me.orv 
Status Register t1Jrite, "so,t" Initialize, t1Jrite Curso~ V 
Coordinate, or writ. Extended Cursor Control). 

Figur. 3-12 d.pict. the DVR register 
d.scrib.s the 

format under various 
actions p.rformed ~hen conditions. Table 3-10 

~riting into DVR. 

NOTE 

Anv ~rite into DVR cau... the 
Di.pla" Proc ••• or to b.co ... "BUSY", 
so the progra .... ust wait 'or the 
STOP bit in DSR to .et before 
.tt.mpting further .cc...... The 
DBA regist.r-.elect code is cleared 
t1Jh.n DVR is ~ritt.n to facilit.t. 
the monitoring of STOP. 

Aft.~ the cur.o~ .tatu. is ~.ad into YSR (Bit 1'-1), bits 11-13 
contain status a. 'ollow.: 

lit 11: (SYNC INTL) 

Bit 12: (C-H INT) 

Bit 13: (MEM INTL) 

"0" indicat •• the ."nc .odule i. in 
"Non-Iriterlaced M .od •. 

"1" indicat •• the .Vnc .odul~ is in 
"Interlaced- .ode. 

Indicate. the .t.t. of the 
eros.hair Iftten.itv Enabl •. 

"0" indicate. the image ••• ori •• 
a~. in "Non-Interlaced- .od •. 

"1" indicate. the i.ag •••• ori •• 
ar. in MInt.rlac.d" .od •. 
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READ GRAPHICS 

15 11 10 

a -

READ CURSOR 

15 14 13 12 1 1 10 

MEM C-H SYNC 
INTL INT INTL 

WRITE PERFORM PIXEL READBACK 
15 14 13 12 11 10 

o a 

WRITE MEMORY STATUS 

15 14 

o 

WRITE INITIALIZE 

09 08 07 06 05 04 03 

Y POS (GRAPHIC Y POSITION) BITS 10-00 
OR JOYSTICK MATCH Y-COORDINATE 

08 07 

07 

06 05 04 03 

Y-POSITION PROGRAMMED 
PIXEL READBACK 

06 05 04 03 

02 

02 

O~ 

MEMORY STATUS DATA 
BA REGISTER 

01 

01 

01 00 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 I 0 

WR ITE CURSOR Y -COORDINATE 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

JOYSTICK 
I I I I , , , I 

[X 1 1 a CURSOR V-COORDINATE 
CHA~NEL 

I I I I I I I I I 

WRITE EXTENDED CURSOR CONTROL 
15 14 13 07 05 04 03 02 01 00 

RESERVED SOFT BLNK 
SW ENA 

MR5039 

Figul'. 3-12 
DVR Register Format. 
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Tabl. 3-10 
DVR ~it. Function. 

Bit Bit 
1) l! Action 

o 0 PIXEL READSACK: Th. 'ollowing .e,uenc. i. initiat.d: 
(1) Bit. 9-1 of the data ~ritt.n is 

.~ifted right 1 plac. and loaded 
into the inteTnal YPOS r.gi.ter. 
Th. DPU beco •• s "bUSVN. 

(2) A rwad of i •• gw memorv i. performed 
at the coordinate. specifi.d in the 
XPDS and YPOS registers. Anv 
memory in ~ite-onlv or Re.d/Write 
mode responds. 

(3) Bit. 9-0 of the data returned Pro. 
memorv are loaded into bit. 9-0 0' 
the DSR register (not all bit. .re 
nee ••• ar i I V va 1 i d >. Bit. 1 ~-1 0 0' 
DSR ar. pr.s.rv.d. 

(4) The int.rnal DSR Regist.r-Sel.ct 
cod. is cl.ared to 0, sel.cting the 
DSR. Th. DPU returns to "idle·' , 
allo~inD r.gisters to again be 
accessed. 

o 1 WRITE MEMORY STATUS BA: 

1 0 INITIALIZE 

Bit. 0-7 0' the ~ritten dat~ are .ent to 
the Image Hemorv STATUS SA r.gist.rJ 
bits Band 9 sel.ct the speciPic memorv 
channel ~ritten. S •• the description 0' 
the STATUS C displav instruction 
(Paragraph 3.5.2.11) for a d.scription 
oP the register function bits. 

Th. DPU startup sequence is p.rformed, 
initializing .internal rwgt.ter. and 
per'orming a "self-test". DPe and the 
graphic position registers ar. cleared, 
PCSAVE is set to "emptv" status, pending 
int.rrupts and flags are cleared: m •• o~v 
management register. ar. cle.red, and 
CSR i. cleared. I P an error i. d etee t.d 
during .elf-test, the error cod. will 
appear in the CSR. IP all tests are 
pa.sed, all image memories are placed in 
Write-only mode and cleared, and all 
~oy.tick chann.ls are cl •• red. 
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Bit Bit 
n ~ 

T.bl. 3-10 (cont1d) 
DYR Writ. Functions 

Action 

1 1 ~/Bit 13-0: WRITE CURSOR V-COORDlNATE: 
Loads bits 1-10 0' the data into the V 
cursor position 0' the ~ovstick chann.l 
selected bV bits 11-12. II the ch~nnel 
does not exist, • DATA READY TIMEOUT 
.rror ~ill be indic.ted in the eSR. 

1 1 ~/Bit 13-1: WRITE EXTENDED CURSOR CONTROL REgISTER: 
Lo.ds bits 0 (Blink Enabl.) .nd 1 
(Si.ulate S~itch) into the ~ovstick 
ch.nnel selected bV bit. Band 9. 
Setting the Blink En.ble cause. .nv 
pixel ~ith bit B •• t (-1) in the I •• ga 
Memorv 'eeding the SYNC (~oV.tick) 
ch.nnel to "blink" off and on ~hile 
being displayed on the monitor. The 
cursor itsel' doe. not blink. Setting 
the Simulate SWitch bit simulates 
closure of the .anual Jovstick .~itch. 
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3.4 INTERRUPTS 

Th. VSV11 i •••• ign.d • block 0' 'our int.rrupt v.ctors (.ight 
16-bit ~ord.). Th. b.ginning 0' th. block i •• ~itch-•• l.ct.bl. 
in the r.ng. 0 through 3760 (octal): the block mu.t start on an 
.v.n 16-bVt. bound.r~. V.ctors within th. block ar. allocat.d •• 
shown in Tabl. 3-11. 

Int.rruDt Cpnditipn 

STOP 
CURSOR (~.S.) MATCH 
ERROR 
~YSTIC'" SWITCH 

Tabl. 3-11 
Int'rrupt V.ctors 

09f •• t within 
Blpclc (Byt.) 

o 
+4 

+10 
+14 

Ftilctor" 
Standard 
Addr.,. 

320 
324 
330 
334 

An int.rrupt condition arls1ng during displ.V processing caus.s 
proc.s.ing to stop (proc.ssor r.turns to n~.dl."), .ith.r 
im •• diat.l" or .t th. logical conclusion of th. c' rr.nt di.p1." 
instruction. Th. ~YSTICK SWITCH int.rrupt can be initiat.d ~h.n 
th. Displ." Proc.saor is .ith.r busV or idl., ~hi1. th. oth,rs 
.ris. ani" ~hil. th. proc ••• or is bus~ (th.~ ar •• utuall~ 
.xclusiv.). 

Th. int.rrupts tilr. org.niz.d into two group., A and B. Qroup A 
consists of the STOP and CURSOR MATCH int.rrupts. Qroup B 
consist. of th. ERROR and ~OYSTICK SWITCH int.rrupts. Th •• ctu.l 
int.rrupt occurring al the relu1t of a Itop condition can b • 
• n.bl.d/dis.bl.d via th. STATUS A displ.V instruction (Paragr.ph 
3.5.2.10), When th. Itop interrupt is di •• bled, the conditi~n. 
caus. displa" proc •• sing to stop but no int.rrupt to b. r.qu.,t.d 
(unl.ls th. Forc. stop Int.rrupt bit in CSR is s.t; Paragraph 
3. 3. 2. 4>. Th. CURSOR MATCH cond i tion is i tl.1 f .nab l.d/d i lab 1.d 
via th. JOYSTICK STATUS displa~ instruction (Paragraph 3.5.2.1). 

Qroup B int.rrupt. ar. always .nabl.d. How.v.r, the JOYSTICK 
SWITCH condition can b. enabl.d/disabl.d via the ~OYSTIC'" STATUS 
displ." instruction. 

Th. pr.l.ne. of p.nding int.rrupts can b. monitored and el •• r.d 
via the FLAQS r.gi.t.r (Paragraph 3.3.~ 3) wh.D the Di.p1av 
Proc.lsor i. idl.. Th. r.gist.r will indieat. a p.nding 
int.rrupt onlv wh.n th. PDP-11 CPU is running at or abov. th. 
r.~u.st 1.v.l of th. VSV11 it •• lf (if th. CPU wlr. running b.lo", 
t h • VSV 11 I. 1 .v. 1 , tn. in t. r r u p t wo u 1 doc C Ur iin d t h • II P It n din g .. 
statu. c 1 .ar.d >. 
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3.4.1 STOP Interrupt 

The STOP interrupt is generated when the VSV11/VS11 svste. 
complete. a LOAD STATUS A instruction, provided the Stop 
Interrupt Enable and Stop Interrupt bits are •• t and the 
VSV11/VS11 does a displa~ stop. This interrupt is conditioned b~ 
bits S, 9 and 10 0' the LOAD STATUS A control instruction 
(Paragr.ph 3.5.2.10). These bits .ust be .et to the one state in 
the displa~ file to produce the STOP interrupt. I' _ previous 
STATUS A instruction has enabled the interrupt but did not .top 
Cbit 10-0, bit. B ~ 9 -1), Dr 1f the FORCE STOP INTERRUPT bit 1n 
CSR is .et, a .top-caused by writing into one of the VSVII device 
registers will generate _ STOP int.rrupt. 

3.4.2 CURSOR MATCH Interrupt 

CURSOR MATCH is an interrupt which can be manually initiated 'rom 
the VSVll/VS11 Joystick. This interrupt can be enabled bV 
•• tting bit. 2 and 3 0# the JOYSTICK STATUS regiater, either by a 
control instruction (Paragraph 3.5.2.1) or _ write into DXR from 
the host computer (Paragraph 3.3.3). Th. cursor video (bit 5 of 
the Joystick status control instruction) shOUld be set (one 
state) to allow positioning of the svste •• onitor cro •• hairs with 
the Joystick. When the position of the cros.hairs matches _ 
pixel po.ition, and the Joystick switch is pr ••• ed, the JOYSTICK 
MATCH interrupt is generat.d provid.d the Display Proc.ssor is 
writing to that Image Memoru pix.l position. 

At the time the match between cur.or coordinates and current 
graphic position (i. e., the display "writing" p05ition) occurs, 
the Display Processor .top. executing the displau 'ile, leaving 
the current coordinat. (0' the match position) in DXR and DYR 'or 
the program to read. The internal graphic position is, how.ver, 
updated to the logical endpoint of the element (vector, 
hi5togram, Rte.) bRing dra.n, .0 th.t • R.aum. can continue the 
pictur •. 

In typical use, an applications program will execute the display 
file one. to draw the desired picture onto the scr.en, enable the 
JOY tick switch-interrupt (P_ragraph 3.4.4), and then stop. When 
the user positions the cursor and d.pr •••• s the ._itch, the 
program will be notified (via a Joystick Switch interrupt). The 
program will then start the displav file again, but with the 
CURSOR HATCH interrupt enabled, to find the graphic element 
intersecting the cursor crosshairs. 
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3.4.3 ERROR Interrupt 

The ERROR interrupt i. produced ~henev.r the Displav Proce •• or is 
executing a diaplav file and one of the error conditions listed 
in Table 3-6 i. detected. The ERROR interrupt is auto.atic (it 
cannot be di.abled). 

NOTE 

Error. arlslng from programmed I/O 
oper.tions (~riting into DXR or 
DYR) cau •• the error code in CSR to 
be loaded, but no interrupt i. 
generated. 

3.4.4 ~OYSTICK SWITCH Interrupt 

~OY9TICK SWITCH is a manual interrupt which can be initiated from 
the VSV11/VS11 Jovstick control. Thi. int.rrupt i. conditioned 
(.nabled/dis.bl.d) bV bits 0 and 1 of the Jo~stick st.tus 
r.gi.ter in the VSV11/V811 SYNC module.. Thi. register m.v be 
lo.ded b~ the JOYSTICK STATUS control in.truction. Dr b~ writing 
into the DXR register ~ith bits 0 • 1 both written to 1, the 
~OYSTICK SWITCH interrupt i. enabled on the •• lected ch.nnelJ it 
i. automatic.IIV di.abled on .11 other chann.ls. 

With the int.rrupt enabled, action taken wh.n the manual Jovstick 
switch i. pr •••• d dep.nd. upon the state of the Diaplav 
Processor. If the DPU i. executing the display fil., it stop •• t 
the end of the current displav instruction, loads the cursor 
coordinates into DXR and DYR (.etting bit l' of both registers) 
and generates the interrupt to the CPU>' If the DPU i. idle (not 
executing the di.pla~ file) ~h.n the .witch i. pr •••• d, onlv the 
interrupt is generated. the program in the CPU must caus. the 
cur.or coordinates to be retrieved into DXR and DYR by writing 
40000 (octal) into DXR. 

3.' VSV11/VS11 INSTRUCTION SET 

The VSV11/VS11 instruction set consists of over 30 instruction., 
organized into four basic tvpes: 

1. Qraphic-Hode instructions, including Vector, Point, 
Character, Qraph/Hi.togr.. and Run-L.ngth. The 
Qraphic-Hode instructions set the basic operating 
characteristic of the Displa~ Processor, determining the 
interpretation of the Graphic Data instructions which 
follo~. 
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2. ,graphic Data instructions, .. ith va-rious fo-rmat. 
depending upon the current Qraphic Mode. The.e 
inst-ructions define coordinates and graphic entities to 
be shown on the s~stem monitor (CRT). 

3. Control instructions, providing 'o-r setup of Imag. 
Memory and Joystick channels, branching 09 the displ.~ 
program within the displa~ file (~ump end 
~ump-to-Subroutine, and subroutine return), clearing of 
image ",emo-ries and No-Op. 

4. Special Qraphic instructions, including Bit-Hap 
(pixel-by-pixel writing into Image Hemo-ry) and DMA Pixel 
R.adback (91'0. I.ag. Hemor~ into PDP-II me.orv). 

Figure 3-13 is a summary which shows the VSVI1/VSll instruction 
set word fo-r.ats, including the formats of data ~o-rds 
accompanying the basic instructions. Except whe-re specifically 
indicated, all unused bits in the instructions should be set to 
IeT-O when the displav'ile is programmed. Following this rule 
will ensure that current display p-rogr •• s .. ill be compatible ~ith 
'uture versions of the VSV11/VS11 with expanded inst-ruction set •. 

Display 'ile words h.ving bit 15 set (1) are termed "control N or 
"instruction" words and are normall~ interpreted as Qraphic-Hode, 
Control, or Special inst-ructions. 

In such ca.e, bits 14-11 define a basic instruction Op-Code. 
Interpretation of bits 10-0 depends upon the basic Op-Code: fo-r 
the Qraphic Hode Op-Codes these bits define pixel data 
(intensity/color), while fo-r the Control and Special Op-Code. 
they p-rovide further definition of the operation to be performed 
o-r data to be loaded into various registers. 

Oraphic Data inst-ruction words a-r& those in which bit 15 is clear 

cu-rrent Qraphic-Hode. 
.. -.. .. ......... : .. _ ........ . 

Table 3-12 summarizes the oct.l word configuration of the basic 
Qraphic-Hode, Control and Speci~l instructions, serving as a 
brief programme-r's reference. 

The following paragraphs desc-ribe each of 
instructions in detail. 

NOTE 

Unused/undefined inst-ruction 
Op-Codes function as a No-Op if the 
EN RCHK bit in CSR is O. TheV 
cause a stop with ERROR interrupt 
i' EN RCHII( i s 1. 
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-
GRAPHIC MODE INSTRUCTIONS 

CHARACTER MODE 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 0 : 0 : 0 0 I :~~ I : P'XE\ DATA: IINTE~S'TYI: 
L DATA WORD 

15 14 06 05 04 

0 

SHORT VECTOR MODE 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 0 
: < 0 

: 
1 I :~~I : P'XE~ DAT~ IINTE~S'TYI: 

L DATA WORD 
15 14 13 12 11 10 09 08 07 06 05 04 

I 0 I' NT I ~~~ I 6X 6:B'TS I ~~~ I 
LONG VECTOR MODE 

15 14 13 12 " 10 09 08 07 06 05 04 03 02 01 00 

I 1 a 
: 

0 a I :~~I : P'XE\ DATA: IINTE~S'TYI: 
FIRST DATA WORD 

15 14 13 12 11 10 09 08 07 06 05 04 

I a I 'NT I ~~~ I a a 0 >X I~B'T< 
SECOND OAT A WORD 

15 14 13 12 11 10 09 08 07 06 05 04 

0 I 0 I ~~~ I a ° I 0 I >Y 10:B'T< 

POINT MODE (ABSOLUTE) 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 a 
: 

0 
: 

1 
: 

1 I :~~ I : P'XE~ DATA: I'NTE~S'TYi: t-- F'RST DATA WORD 
15 14 13 12 " 10 09 08 07 06 05 04 

I 0 I 'NT I ° I 0 0 a x 10:B'TS 

L SECOND DATA WORD 
15 14 13 12 " 10 09 08 07 06 05 04 

I ° I ° I ° I 0 0 0 Y 10:B'TS 

Figu",. 3-13 
VSV11/V911 Instruction Word Summ.rv 

(sh •• t 1 0' ~) 
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GRAPHIC MODE INSTRUCTIONS (CONT) 

GRAPH/HISTOGRAM X MODE 
1S 14 13 12 11 10 09 08 07 06 OS 04 03 02 01 00 

I 1 0 
: 

1 

: 
0 : 0 I :~~ I : PIXEL: DATA: IINTE~SITYI: 

L 
DATA WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 

GAAFHiHi5TOGAAM Y MODE 
lS 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 I 0 0 I :~~ I PIXEL DATA (INTENSITY) 

I I 

L 
DATA WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 

RELATIVE POINT MODE 
15 14 13 12 11 10 09 08 07 06 OS 04 03 02 01 00 

1 I 0 
: 

1 

: 
1 

: 
0 I :~~I : PIXE~ DATA: IINTE~SITYI: 

L 
DATA WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 

~y 6 BITS 

RUN LENGTH MODE 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 I 1 
: 

0 
: 

0 
: 

1 0 0 I SKIP I 0 I DBl 16~N I 0 I 0 I 0 0 0 

lS 14 13 12 11 10 09 08 07 06 05 04 03 02 
L DATAWORD 

I 0 RU~ lEN~TH PIX~l DA~A 8 a:TS 

Figur. 3-13 
VSVll/VSll Inatruction Word Summary 

<sh •• t 2 of 5) 
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01 00 

01 00 

01 00 

01 00 
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JOVSTICK STATUS 
15 14 13 12 11 

CONTROL MODE INSTRUCTIONS 

10 09 08 07 06 05 04 03 02 00 

Figure 3-13 
VSV11/VS11 Instruction Word Summary 

(shef,t 3 of 5) 
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CONTROL MODE INSTRUCTIONS (CONT) 
DPOP 

15 14 13 12 11 10 09 OR 07 06 05 04 03 02 01 00 

I 1 I 1 
: 

1 
: 

0 1 
: 

0 1 
: 

0 0 0 0 
: 

0 : 0 0 0 0 

MARKER NOP 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 
I 

1 

: 
1 

: 
0 

: 
1 

: 
1 I AV~ILABL~ FOR :USER : 

LOAD STATUS REGISTER A 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

LOAD PIXEL DATA INHIBIT 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 0 0 [VI PDI 0 0 0 0 0 0 0 
I V'\J 
LOAD G/H INCREMENT 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 I' : 
1 

: 
1 

: 
1 

: 
0 

: 
0 [>(rxJ 1 I : GRAP~/HIST~GRA~ INC 

LOAD EXTENDED JOYSTICK CONTROL 
15 14 13 12 11 10 09 08 07 06 Ob 04 03 02 01 00 

LOAD CURSOR CO-ORDINATES 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I 1 

I 
1 1 

: 
1 

: 
0 1 

: 
0 JOY~T1CK 

SELECT 
0 0 0 0 0 0 

DATA WORD t. K 15 /K 14 /K 13 /K 12 )f( 11 A 
10 09 08 07 06 05 04 

[ IXlXlXlXl6I CURSOR X CO-ORDINATE 

LOAD STATUS REGISTER C 
15 14 13 12 

DATA WORD 
15 14 13 12 11 10 09 08 07 06 05 04 

[)( : CUR+ Y C~.ORD~NATE: 
11 10 09 08 07 06 05 04 03 02 01 00 

Figur. 3-13 
VSV11/VS11 Instruction Wo~d Summ.~y 

(sh •• t 4 0' 5) 
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IItT MAl' 0 
15 ,. 13 

0 

liT MAl' 1 
15 ,. 13 

I 1 o : 1 : 

OMA PIXEL REA08ACK ,. 13 12 

SPECIAL INSTRUCTIONS 

12 11 10 01 01 07 OS oe 04 <XI 02 01 00 

0 

12 11 10 01 OS 0:' OS oe 04 <XI 02 01 00 

1 : 1 1 I: ::~I ~IXEL ~ATA ~OUN~ 
SECOND INSTRUCTION WORD 

15 ,. 13 12 II 10 01 OS 07 OS 01 04 <XI 02 01 00 

DA;A AD~AESS :VIAT~AU I SEa I 
15 ,. 13 12 11 10 01 01 07 OS 05 04 03 02 01 00 

SECOND I: PIX~L. 3 P'X~1. 2 P'X~1. 1 PIX:EL 0 

DATA 
WORD 8-BIT DATA WORD 

15 ,. 13 12 11 10 01 01 07 OS 01 04 <XI 02 01 00 

t ~IT DATA ~.D 

[ : : PIX~L 1 : P'~EL 0 : I 

SPECIAL INSTRUCTIONS (CONT) 

11 10 01 01 07 OS 01 04 03 02 01 00 

ADDITIONAL DATA WORDS FOR RST SET TO ZERO 
15 ,. 13 12 11 10 01 01 07 OS 01 04 <XI 02 01 00 

: AREA: W,oT~ liN P':XELSt: 

15 14 13 12 11 10 01 01 07 01 01 04 <XI 02 01 00 

AA~A HEI~HT (N~MBER: OF I.I~ESI 
DATA WORDS FOR RIT SET TO ONE OR ZERO 

15 14 13 12 11 10 01 OS 07 OS 01 04 03 02 01 00 

~ORo ~OUN~ 
15 ,. 13 12 11 10 01 OB 07 OS oe 04 <XI 02 01 00 

~ATA :ooAE:SS 'V'~TUAL: I ::~ I t ~IIT OAT ... " •• 15 14 13 12 " 10 01 01 07 011 ill 

SECOND . I : PIX~L 3 PIX:EI. 2 PIX~1. 1 

DATA 
WORD . I·IIT DATA WOAD 

15 ,. 13 12 11 In 08 01 07 08 05 

I: : PIX~L 1 

Figure 3-13 
VSVll/V911 In~truction Word Summ.rv 

(~h •• t 5 0' 5) 
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Tabl. 3-12 
VSVll/VSll Instruction S.t Summarv 

I-Bit.' In.truction I Octal Cod •• 
14-10 ; I 
00000 I S.t CHARACTER Hod. , 100000 
00001 1 [Ie Load Pi xel Data] I 102000 - 103774 

-------1-------------------------------1-------------------------------------
00010 : S.t SHORT VECTOR Hode r 104000 
00011: [Ie Load pi xel Datal I 106000 - 107774 

-------1-------------------------------1-------------------------------------
00100 : S.t LONO VECTOR Hade I 110000 
00101 I [Ie Load Pix.l Datal I 112000 - 113774 

------- -------------------------------,-------------------------------------
00110 Set ABSOLUTE POINT Hode I 114000 
00111 [Ie load Pilei Datal 116000 - 117774 

1------- ------------------------------- -------------------------------------
: 01000 Set ORAPH/HISTDORAM-X Hod. 120000 
: 01001 [Ie Load Pix.l Datal 1~2000 - 123774 
1------- ------------------------------- -------------------------------------
: 01010 Set ORAPH/HISTOORAM-Y Hod. 124000 
101011 [Ie Load Pixel Datal 126000 - 127774 
1------- ------------------------------- -------------------------------------

01100 Set RELATIVE POINT Hade 130000 
01101 [Ie Load Pilei natal 132000 - 133774 

01110 BIT-HAP-o (4-Bit Pil.l D.t.) 
BIT-HAP-O (B-Bit PileI nata) 

134000 [+400 for B-bit H •• orv] . 
135000 [+200 for Skip] 

[+100 for Douhle Expand] 
[+40 for S.oothing] 
[+0, 10, or 20 for 

xl, x2, or x4 Expansion] 
[+0 for 32x32 Arrav, 

+1 'or 64x64 Arrav, 
+2 'or 1281128 Arrav, or 
+4 'or 2'6x2'6 Arravl 

01111 BIT-HAP-l (4-bit Pilei Data) 136000 + Count [000-777] 
BIT-HAP-l (B-bit PilIPl D.ta) 137000 + Count [000-777] 

10000 (R •• erved) 140000 - 141 n7 -
10001 (Reserved) 142000 - 143777 

,------- ------------------------------- -------------------------------------
: 10010 
1 
1 

s.t RUN-LENOTH Hod. 144000 [+400 for Lin.-Skip] 
[+100 for Double-Count] 
[+40 fdt ~.p V Do~n] 

1-------,------------------------------- -------------------------------------1 

I 

10011 JOVSTICK STATUS (Channel 0) 
(Chann.l 1) 
(Chann.l 2) 

. (Chann.l 3) 

146000 [+100 to Read Curaor] 
146400 [+60 to Enabl. Croaahaira 
147000 +40 to Djaabl. Crosshairs] 
147400 [+14 to En.~e Hatch Int., 

+10 to Disable Hatch Int.] 
[+3 to Enabl. S~itch Int., 

+2 to Oi silb 1. S~i tch Int.] 
1------- -------------------------------1-------------------------------------1 
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Table 3-12 (cont'd) 
VSVII/VSII In.truction Set Su ••• rv 

I-Bit.' In.truction • Oct.l Code(.) 
14-10 • I 
10100 • SET HISTOQRAM BASE 1 1~00 

1 I (Re.erved) • 150001 - 1'1777 
1-------1-------------------------------1---------------------
I 10101 I SET CHARACTER BASE I 1'2000 1 1 (R ••• "v.d ) I 1'2001 - 153777 
1-------1------------------------------- -----------------------------
1 10110 I (Re.e"ved) 154000 - 155777 
1 10111 I (Rese"v.d) 156000 - 157777 

1-------1------------------------------- ------------------------------------
I 11000 I JJ ... (D~HP) 160000 
1 I ~-TD-SUBROUTINE 160001 
I. t (R ••• "ved) 160002 - 161777 
1------- ------------------------------- ---------------------------~---------
I 11001 DMA PIXEL READBACK (sta"t) 162000 [+1000 '0" B-Bit D.t.] 
I (R.sta"t) 102001 [+200 fo" Line-Skip] 
I [+100 fo" Step V Down] 
I [+0 '0" 2-bit M •• k, 
I +2 f 0" 4 -b i t M •• k , 
I +4 fo" 6-bit M •• k, or 
I +6 for B-bit Ma.k] 
1------ ----------------------------- ---------------------.----

11010 Di.pl., NO-DP (DNOP) 164000 + Down-Coc t [000-777] 
Di.pla, POP (Return) 165000 

------- ------------------------------- -------------------------------------
11011 HARKER NO-OP 166000 - 167777 

------- ---~---------------------~--- ---------------------------~---------
11100 
11101 

LOAD STATUS A 
LOAD STATUS A ~ STOP 

.170000 [+1400 to En.ble Sto," Int. 
172000 +1000 to Di •• ble Stop Int.] 

[+200 to Switch Me.orv Mode] 
[+140 to Cle.r I •• ge Me.orv, 

+100 to Set I •• ge Me.o"vl 

------ --------------------------- ----------------------------
11110 

11111 

CLEAR PIXEL DATA INHIBIT 
SET PIXEL DATA INHIBIT 
LOAD QRAPH/HISTOGRAM INCREMENT 
LOAD CURSOR COORDINATES 

174000 
174200 
174100 + [Inc" •• ent 00-76] 
175000 [+0, 100, 200 or 300 'Dr 

Channel 0, 1, 2 0" 3] 
LOAD EXTENDED ~DVSTICK CONTROL. J7~400 [+0. 1~ 200 Dr 300 'Dr 

I Chann,e1- 0, 1, 2 or 3] 
t [+1 to· Enable Blinkl 
i [+2 to Tu~n on Switch] 

-------------~-----------------l----------------------------~-------
LOAD STATUS C (Channel 0) I 176000 [+0 for PROTECT Mode,-

(Channell) I 176400 +20 'or WRITE-DnlV Mod., 
(Chann.l 2) I 177000 +40 'or READ-Dnlv Mode, or 
(Channel 3) I 177400 +60 'or READ/WRITE Model 

1 [+10 to Enable Switch] 
I [+6 to Enable l'.-Dn1V Hode, 
1 +4 to Disable 1 ' .-onlV Model 
I 
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3.5. 1 QRAPHIC MODE Instructions 

The eight S.t Oraphic Mode instruction • • r.: 

CHARACTER 
SHORT VECTOR 
LONQ VECTOR 
ABSOLUTE POINT 
QRAPH/HISTOORAM X 
ORAPH/HISTOORAM V 
RELATIVE ·POINT 
RUN-LENQTH 

Th. VSV11/VSll Displa~ Processor is al~a~s considered to be "in" 
on. of the.e modes, such that .n~ Qr.phic-Data instruction 
(indicated b~ a displ.~-file word having bit 15-0) .ncountered 
during processing is interpreted within the context of the 
current graphic mode. 

A displa~ 'ile tvpicall~ conststs D' • graphic-mode-setting 
instruction follo~.d b~ a string of graphic-data instructions. 
The string can be of an~ length (up to the end of the current 
virtu.l display file segm.nt> and can contain embedded Control 
i nstructi on5. 

Figure 3-14 illustrates the word format of the S.t Graphic Mode 
instructions. Table 3-13 describes the function 0' each field. 
The 'ollo~ing paragraphs provide • description of each 
instruction, along with its .ssociated Qra~hic-D.t. instuction. 

15 14 
I 

1 
I 

NOTE 

The action of bit 10 of th. 
instruction, PIXEL DATA ENABLE, can 
be inhibited b~ ~ne SET 
PIXEL-DATA-CHANGE INHIBIT control 
instruction. Refer to Paragraph 
3.5.2. 13. 

13 12 11 10 09 08 07 06 05 04 03 02 01 
I 

MODE 
I 

I I , I 

PIX PIXEL DATA 
ENA (OR CONTROL BITS FOR RUN LENGTH MODE) 

..1 J i I I Iii I 

Figure 3-14 
Set-Qraphic-Mode Instruction Format 
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Tabl. 3-13 
S.t-Qraphic-Mod. Instruction Fi.ld Assignments 

I Bit 

1 ______ ~--------------7---------------------------------I 
I 1~ 
I 
I 14-11 

10 

9-0 

MODE 

PIXEL DATA 
CHANQE ENABLE 
(except 
Run-Length 
mode) 

PIXEL DATA 
(intensit" 01' 
color) 
(except 
Run-Length 
mode) 

3. 5. 1. 1 CHARACTER Hod. -

1 indicat.s Control ~ord 

0000 - Character Mod. 
0001 - Short Vector Mod. 
0010 - Long Vector Mode 
0011 • Absolut. Point Mod. 
0100 - graph/HistograM X Mod. 
0101 - graph/Histogra. V Mod. 
0110 - Relativ. Point Mode 
1001 = Run-Length Mod. 

1 enables bits 9-0 into Pixel Dat. 
register 

(must be 0 'or Run-Length mode) 

For Monochrom. S"stem: 
Bit 9 = MSB, Bit 6 : LSD 
Bits ~-O '01' future expansion 
Bits 9-6 - 1111 - Maximu. Int.n. 
Bits 9-6 - 0000 - Zero Intensit, 

For Basic Color S~.t.m: 
Bits 9,8 - Oreen 
Bit 7 - Red 
Bit 6 - Blue 
Bits 5-0 for future expansion 

There ar. t~o instructions for this graphic mode. Th. first is a 
control instruction which sets the VSV/VSll into Charact.r .ode 
(mod. bits 14-11 - 0000) and is illustrated in Figure 3-14. 
Pixel data (bits 9-0) controls the intensity of the displav ed 
pixel in a black and whit~ s~.tem, or the color 0' the displa"ed 
pix.l in a color s~ste.. Sixteen shades of gra~ Dr 16 colors can 
be speci'ied in the 10 bits 0' pixel data. The pixel data is 
enabled by setting bit 10 to a one. 

The Character Mode instruction is 'ollo~ed b" one 01' 

Character Data instructions (Figure 3-13 and Table 3-14). 
7-bit ch.racter codes can be speci'ied in the character 
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instruction. The charact.r cod.s can b. 7-bit ASCII or .ome 
other code as defined by the user. The ch.racter codes are used 
to .pecif~ the ind.x into a table of di.patch addr •• se •• which in 
tu~n specif~ the starting .ddr •••• s of displa~ file subroutine. 
in memorv. The display file subroutine can be a routine to draw 
alpha-num.rics or graphics on the .vstem monitor. Since bit 7 is 
an unused bit, this bit must be set to z.ro. Th. SET CHARACTER 
BASE control instruction (P.r.graph 3.5.2.2) i. u •• d in the 
character mode to .pecify the base (starting) address of the 
charact.r dispatch table. ). 

During operation in the Character _ode, a b~te (character) 
'etched 'rom the display file i •• hifted left one place (to make 
e word ind.x into the host CPU memor~) and the r •• ult is added to 
the current cont.nts of the CHARACTER BASE regi.ter. Thi. sum 
specifies an address within the dispatch table, from which i. 
fetched the starting address of the display subroutine 
responsible for drawing the character. Bit 0 of the CHARACTER 
BASE register specifies the segment in which the dispatch t.ble 
and the displa~ subroutine reside: bit 0-0 specifies th. Main 
display file s.gm.nt, while bit 0-1 .pecifies the Auxiliarv 
segment. (The dispatch table and the displav subroutine must 
.lwa~s reside in the .ame segment>. 

Before execution o~ the displav subroutine begins. the current 
contents 09 the Display Program Counter (DPC), which contains the 
address 09 the next Character Dat. instruction in the Main 
segm.nt. is saved in an int.rnal regi.ter (PCSAVE). A DPDP 
instruction (Paragraph 3.5.2.4) at the. end 0' the display 
subroutine r.store. the DPC from PCSAVE to continue execution in 
character mode. 

The 'ollowing restrictions appIv to Character mode: 

1. A SET CHARACTER MODE instruction cannot occur within a 
displ.~ subroutine (including on. c.ll.d via th. D~HS 
instruction). 

2. A D~MS (Displav-~ump-to-Subroutine), BIT-MAP, or DHA 
PIXEL READBACK instruction cannot occur within a display 
subroutine, since 'Dr each o~ these instructions the DPe 
must be saved in the PCSAVE register. 

3. A Qraphic Data instruction cannot occur in the display 
subroutine b.~ore occurrence 0' a S.t Gr.phic mode 
instruction that take. the Displ.y Processor out o~ 
Character mode. 

Occurrence 0' any 0' the above r.strictions results in a SEQUENCE 
ERROR stop and interrupt. 
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15 14 

o 

Bit 

15 

14-B 

7 

6-0 

07 06 OS 04 03 02 01 00 

MFI·5~7 

Figur. 3-1' 
Char.cte~ Data Word Format (Mode 0000) 

Tabl. 3-14 
Char.cter Dat. Word Field Assignm.nts 

2nd 
Characte~ 

Code 

1st 
Ch.r.cter 
Code 

D.scription 

o indicate. Dat. word 

Ch.racte~ Code (could be 7-bit ASCII). 
This code is saved int.rnallv while the 
1st ch.ract.r code 0' the ~o~d is being 
processed. 

Must be written to 0 

Character Code (could b. 7-bit ASCII). 
A,ter the d.t. ~o~d is fetched, this 
'ield is the 'irst ch.~.cte~ p~oc.ss.d. 
It is shi,ted le,t 1 place and added to 
the contents 0' the CHARACTER BASE 
regist.r to obtain an entrv in the 
character dispatCh table; this .nt~v, in 
turn, contains the address 0' the 
charact.r drawing routine to b. 
executed. 
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3.5. 1.2 SHORT VECTOR Hode -

A Qraphic Hode instruction ~ith a mode code of 0001 for bits 
14~11 places the Display Processor into the ShDrt Vector mode. 
Pixel data, controlling the intensit~ or color of the vectors tD 
be subsequentl~ displaved is specified in instructiDn bits 9-0 
(if bit 10=1) (Figure 3-14>' 

Figure 3-16 shows the fDrmat of the Short Vector Dat. 
instructions which 'ollow the Short Vector Mode instruction. 
Table 3-15 describ'es each field. Six bits each of the X and Y 
components of the vector are specified in t~e Short Vector Data 
Word, along ~ith a sign bit for each compDnent. The sign bits 
5pecif~ the directiDn fDr each cDmpDnent: a 0 in a sign positiDn 
speciFies a positive direction, while a 1 speci'ies a negative 
directiDn. Bit 14 of the data wDrd (INTENSIFY) must be set tD a 
one tD cause the Image Memory to be written (i. e., to make the 
vector visible on the system monitor or overwrite. vector 
a Ire .. dye xis tin gin the I ma g e Memor y >. T h • X • n d Y 
displacement parameters (magnitudes) are based upon a full screen 
resDlution D' 1024 points. In the VSV11/VS11, with a full-screen 
resDlution of 512 points (pixels), the le.st significant bit 0' 
each Delta magnitude is not used and should be written as O. I' 
the LSB is nonzero, a RESERVED OPERATION error stop is taken if 
the EN RCHK bit in the eSR is Dne. If EN RCHK-O, the LSB is 
ignDred and considered to be zerD. The significant five bits of 
the delta components of a short vector can therefore specif~ a 
vector o~ up to 32 pixels in length (both the starting point and 
the endpoint 0' a vector are written if INTENSIFV - 1). 

A vector is drawn beginning at the current graphic pDsition, as 
held in the internal XPOS and YPOS registers and represented in 
XSR and YSR. FDllowing execution of the vectDr data instructiDn, 
the current graphic positiDn is updated to the 'inal endpoint 0' 
the vector (i. •. , XPOS ± Delta-X, VPOS ± Delta-Y>' I' the 
INTENSIFY bit, bit 14, in that data word is zero, Dnly the 
graphic position is updated (actual writing 0' image memory is 
bypassed >. 

3-45 



1S 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

Bit 

15 

14 

13 

12-7 

Figu1'e 3-16 
Sho1't Vector Data W01'd F01'mat (Mode 0001) 

Table 3-1~ 
Short-Vector D.ta W01'd Field Aasignments 

Name 

:!:. X 
(Positive 01' 
Negative X) 

DELTA-X 

:tV 
(Positive or 
Negative V) 

DELT;\=--V 

Deacription 

o indicates Dat. word 

1 causes the vector to be ~ritten 
(II intensified")J 
o cau.e. the g1'aphic position to be 
updated to the logical endpoint, 
but no pixel data i. _ritten into 
imag e memo1''j. 

o .pecifies that the X component 
moves to the r~ght (+») 

1 .peci'ie. that the X component 
moves to t~e l.,t (-). 

6-bit magnitude 09 the X 
(horizontal) component 0' the 
vector. (Note that the LSD i. 
reserved) . 

o 5peci~ie. that the V component 
moves up (+) 

1 speci'i •• that the V component 
move. dOtal" (-) 

6-bit magnitud. of the V (vertical) 
component 0' the vector. 
(Note that the LS8 i. re.e1'ved). 
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3.5. 1.3 LONG VECTOR Mode -

A minimum of three instructions are required for the Long Vector 
m~de. The first instruction sets the Long Vector mode (Figure 
3-14) by specifying a mode code of 0010 for bits 14-11. Pixel 
data is specified in bits 9-0. Bits 9-0 control the intensity of 
the displayed vector in a black and white system, or control the 
color of the vector in a color system. Sixte.n shades of gray Dr 
16 colors can be specified. Bit 10 must b. set to • one to 
enable pixel data bits 9-0. 

Th. Long Vector mode instruction i. fDllo~.d by .t l ••• t t~o Long 
Vector Data instructions (Figure 3-17 and Table 3-16>' The first 
Long Vector Data instruction specifies the 10-bit magnitude of 
the DELTA-X component of the vector .nd the sign 0' the DELTA-X 
component. Bit 14 of the first wO'1'd must be set to cau"e the 
vector to be written into image memory (i. e., make the'vector 
visible on the system monitor). 

After the first data instr-uction, h.. been processed, the 
VSVI1/VSll automatically fetches the second long vecto'1' data 
instruction. The second data instruction specifies the 10-bit 
magnitude of the DELTA-Y component o~ the vector .nd the sign of 
the DELTA-Y component. Unused bits in both data instructions 
(including bit 0 0' the DELTA-X & DELTA-Y magnitudes must be 
w'1'itten to zeros. 

Operation of the long vector mode is similar to that of short 
vector mode, but, since the long vector mode has 10 bits of 
DELTA-X and DELTA-V, the length 0' a vector can be g'1'eater than 
that of the short vecto'1' mode. Ho",ever, since t",o data 
instructions must be 'etched from the LSI-1l memory in long 
vector mode, two bus transactions are required. The displ.y 0' 
multiple long vectors requires multiple ~airs of the first and 
second long vector data instructions. 

The nine significant bits 0' the DELTA-X and DELTA-V magnitudes 
allow drawing of a vector of up to 512 pixels in length (both the 
starting point and the endpoint Qf ~he vector are dr.",n). 

NOTE 

The Delta-X and Delta-Y magnitudes 
are based on a full-screen 
resolution of 1024 points, to allow 
for system expansion. In the 
VSV1l/VS11 system 0' 512-point 
resolution, the least significant 
bits of Delta-X and Delta-Y (bit 0 
of the data wO'1'ds) are reserved and 
must be ",ritten to O. 
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FIRST WORD 
1S 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

OINT I ~~~ [X[X])(] 

SECOND WORD 
1S 14 13 12 11 10 09 08 07 06 05· 04 03 02 01 00 

Figur. 3-17 
Long V.ctor Dat. Word Format (Hod. 0010) 
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Table 3-16 
Long Vector Data Word De9initiona 

1st 
word 

Bit 

15 

14 

13 

INT 
flntensi 9y) 

!:X 
X Positive 
or Negative 

12-10 Reserved 

9-0 DELTA-X 

------1------- -------------
2nd 15 . 
word 

13 ±.Y 

12-10 

9-0 

Y Positive 
or Negative 

Reserved 

DELTA-Y 

1 .11o~. vector to be written 
o causes only the Oraphic 
Position to be updated 

o .peci'ies that the Delta-X 
component moves to the right (+) 

1 speci9iea that the Delt.-X 
component moves to the le9t (-) 

Must be written to 0 

to-bit magnitude 0' the X 
component 0' the vector. Bit 0 
must be written to O. 

o indicates Data word 

Must be written to 0 

o speci'ies that the Delta-Y 
component moves up (+) 

1 speci'ies that the Delta-X 
component moves down (-) 

Must be written to 0 

lO-bit magnitude of the Y 
component 09 the vector. Bit 0 
must be written to o. 
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3.5.1.4 ABSOLUTE POINT Hode -

The Absolute Point mode is used to position the image or .ubi.age 
at SOMe absolute position on the svste. monitor scre.n. This 
difPer. Prom the short and long vector modes a. the.. vector 
mod.. dra~ line. relative to the position of previou.IV dra~n 
operations (vector, pOints, etc. >. In short and long v.ctor 
mode. a Delta-X and Delta-V ar. specified ~ith regard. to the 
current displav position. In the point mode, X and V are 
specified a. absolute coordinat.s. Point mode .hould .lwaV. be 
used a. on. of the fir.t graphic instruction. trans'erred to the 
VSVII/V511. This define. the starting point of • svst •• monitor 
image. 

A minimum 0' thr.e instructions are required 'or the Absolute 
Point mod.. The 'irst instruction sets the point mode (Figure 
3-14) by speci'ying a mode code 0' 0011 for bit. 14-11. Pix.l 
data (intensity level 'or black and white system, or pixel color 
'or color svstem5) is speci'ied in bit. 9-0. Sixteen shad.s 0' 
grav or 16 colors can be speci'ied ~ith bit. 9-0. Bit 10 .u.t be 
set to a one to enable pixel data bits 9-0. 

The Absolute Point mode instruction is 'ollowed bV at lea.t two 
Absolute Point data instruction. (Figur. 3-18 and Tabl. 3-17). 
The 'irst point data instruction speci'ie. an absolute 
X-position, while the second point data instruction speci'i •• an 
absolute V-position. Bit 14 of the fir.t point d.ta instruction 
must be set to a on. to writ. the point into Im.ge Hemorv (make 
the point visible on the system monitor screen or er.se a 
previouslV ~ritt.n point). Unus.d bits in both instruction •• ust 
b. written to zeros. A displav 'ile could consist 0' a seri •• of 
Point Data instructions to position .. number 0' points at various 
locations on the system monitor. This requires first and second 
point data instruction pairs 'or each be.m position. Dnlv on. 
Absolute Point mode instruction is required. 

3-50 



FIRST_ WORD 
08 07 06 05 04 03 02 01 

~ 10 BI~S : 

SECOND WORD 

1~5~09 
08 07 06 05 04 03 02 01 

1st 
t.lord 

Figure 3-18 
Absolute Point Data Word Format (Hode 0011) 

Bit 

15 

14 

13-10 

9-0 

Table 3-17 
Absolute Point Data Word De'initions 

I -

INT 
(Intensi'\I) 

Reserved 

ABSOLUTE-X 
Coordinate 

Definition 

o indicates Data ~ord 

1 allows point to be written 
o cause. only the Qraphic 
Position to ~e updated 

Muat be written to 0 

to-bit absolute X coordinat •. 
Bit 0 must be t.lritten to O. 

00 

00 

MR·5050 

:------ ------- ------~------ --------~---~--------------------~ 
2nd 
~ord 

15 

14-10 

9-0 

Reserved 

ABSOLUTE-V 
Coordinate 

o indicate. Data word 

Hust be written to 0 

10-bit absolute V coordinate. 
Bit 0 must be written to O. 



3. 5. 1. 5 ORAPH/HISTOORAM X Mode -

The Oraph/Histogram X mode is used, together ~ith Historgram Base 
and Oraph/Histogram Increment parameters (s~eci'ied by Control 
instructions), to dra~ to graph or histogr.. relative to the 
vertical axis (Y Axis) on the syste. monitor. The associated 
Qraphic-Oata instructions, each containing .n X displacement 
(from the Y axis) and a 'unction code, can be us.d to generate 
the follo~ing displays, illustrated in Figure 3-19: 

1. GRAPH X -- data is displayed •• a .eries 09 single 
intensified points on the monitor. 

2. CONNECTED GRAPH X -- similar to GRAPH X, but successive 
points are connected by a line (vector). 

3. HISTOGRAM X -- .ach displayed data point is connected to 
the histogram baseline (. line parallel to the V .xis) 
by a line (vector) 

4. FILLED HISTOQRAM X -- cr.at •• a bar graph by 'illing in 
the area between successive histogram lines. 

The Oraph/Histogram X mode is entered via • mode 
instruction with a mode code of 0100 for bi~s 14-11 
3-14). Pixel data 'or subsequent plotting is ape ~'ied 
9-0 0' the instruction (i' bit 10 is 1). All ~lotting 
and connecting 'illing lines) uses the same pixel data. 

setting 
(Figure 

in bits 
(points 

The Oraph/Histogram X mode instruction is 'ollowed by a number 0' 
Graph/Histogram data instructions (Figure 3-20 and Table 3-18). 
Bits 14 and 13 speci'y the plotting 'unction to be perform.d. 
Bits 9-0 speci'y the plotting 'unction to be performed. Bits 9-0 
specify an absolute X ~oordinare. Bit 12, when set, speci'ie. 
that the current Graph/Histogram Increment value i. to be ignored 
and an increment of zero used for this point (the V position is 
not stepped before plotting). 

During plotting, X-coordinate positioning in'ormation i. supplied 
explicitly from the data stream, while V-coordinate positioning 
i. supplied implicitly bV adding the Increment parameter to the 
current V position to obtain the final plot position. Note that 
the Increment parameter is handled as a "pre-increm.nt~ 

operation. This fact is most obvious in the Connected-Qraph and 
Filled Histogram functions. In a Connected Graph, the connection 
line is a vector dra~n from the current position to the new plot 
position -- the Y used for drawing the vector is the Increment 
value. In a Filled Histogram, the ar •• is filled by "plotting~ 

5ing1.-lin. histograms 'rom th. current Y position to (and 
including) the 'inal Y position. 
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5 OXS 5 
INCREMENl 
VALUE _ 

4 o X4 4 
POINT POINT 

3 o X3 J 

2 o X2 2 X2 

OXl 

)Ii; 

A. GRAPH X B. GRAPH X CONNECTED 

Y Y 

BASELINE BASELINE 
I I 

I 

X I 
5 o!-t 5 

X4 
I 

4 0 4 

POINT POINT 

3 ~XJ 3 

I 
2 o X2 2 X2 

Xl I BASELINE X X, 
0 I POSITION 

./ BASELINE X 
POSITION 

X 

C. HISTOGRAM X D. FILLED HISTOGRAM X 
(BAR GRAPHI 

NOTE: 
THE INITIAL Y POSITION IS EQUAL TO THE Y POSITION 
OF Xl; THE FIRST POINT PLOTTED IN EACH GRAPH IS 
DISPLAYED AS DRAWN WITH THE "INCREMENT INHIBIT" 
BIT SET IN THE DATA WORD. 

Figul'. 3-19 
Qr.ph/Histogl' •• -X Mod. Displays 

3-53 

X 

X 

MA !to!> I 



15 14 13 
I 

0 FUNCTION 
1 

Bit 

15 

14-13 

12 

11-10 

9-0 

12 10 09 08 07 06 as 04 03 02 01 00 , I 
I , I I I 

, 
INH 

RESERVED X COORDINATE 
INC 

I I I 1 I I I I 1 I 

M,,·eoe2 

Figure 3-~O 
Graph/Hiatogram-X Data Wo~d Format 

Table 3-18 
Q~aph/Hi.tog~am Data Word Definition. 

FUNCTION 

INH INC 
(Inhibit 
Inc~ement) 

Re •• rved 

X-COORDINATE 

I Definition 
I 
I 
I "0" .pecifie. Graphic Data Word 
I 
I Thi. field i. encoded •• follow.: 
I 
I OO--QRAPH (Plot Single Point) 
J 01--CONNECTED CRAPH (connect n .... 

point to current point) 
10--HISTOQRAM (.inglw-pilel-~idth 

line to baseline) 
Il--FILLED HISTOQRAM (D.rgr.ph) 

"0" .pecifie. that the value load.d 
b~ the LOAD QRAPH HISTOGRAM 
INCREMENT instruction i. to be 
added to the current V po.ition 
b.fore the point is plotted. 

"1" 'orces an increment v.lue of 0 
to b. used (the V position i. not 
stepped before the ne~ point i. 
plotted>' 

Must be written to O. 

Absolute X-coordinate 09 the Qraph 
or Histogram position to b. 
plotted. [Note: the 10 bits of X 
coordinate is based on a 
full-screen resolution of 1024 
points to allo~ fo~ s~.t •• 
• )( pan s i on. In t h. VSV 111 VS 11 s ~ • t e .. 0' ~12-point resolution, X bit 0 is 
reserved and should b. written to 
o. ] 
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3. 5. 1. 6 GRAPH/HISTOGRAM V Mode .-

The Qraph/Histogram V mode is used, together with the Histogram 
B~se and Qr~ph/Histogram Increment parameters <specified bV 
Control instructions), to draw a graph or histogram relative to 
the horizontal axis (X-alis) on the svste. monitor. This mode is 
similar to the Oraph/Histogra. X mode, except that explicit V 
data is supplied from the data instructions while the X position 
is stepped bV the current Increment value. 

Figure 3-21 illustrates the displays generated bV the graph, 
Connected graph, Histogram and Filled Histogra. functions. 
Figure 3-22 shows the data word format for the Qraph/Histogram V 
mode. Table 3-19 explains the function of each bit. 

3. 5. 1.7 RELATIVE POINT Mode -

The relative point mode is used to generate a point on the system 
monitor "relative" to the current graphic drawing position. The 
x- and/or V-coordinates of the last display position are updated 
to the new displav position. 

A minimum of 
mode. The 
specifying iii 

(for black 
specified in 
changing the 

two instructions are required for the relative point 
first instruction s.ts the mode (Figure 3-14) by 
mode code of 0110 for bits 14-11. The intensity 
and white svstems), or color (fo"1' color sv~tems> is 
bits 9-0. Bit 10 must be set to a one to enable 
current pixel data to that specified in bits 9-0. 

The relative point mode instuction is followed . by one or more 
relative point data instructions (Figure 3-23 and Table 3-20). 
Six bits each of the X and V components (based on 1024-pixel 
screen resolution> of the new display position are.pecified in 
the data word, along with a sign bit for each component. The 
sign bits specify the direction 0' the components. Bit 14 
(intensi'v) must be set to a one to cause Image Memory to be 
written (make the point visible on the system monitor or era.e a 
previous point>. 
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Y 

OYl 

OYs 

H INCREMENT 
VALUE 

~------~--~----~--~--~--------X 

Y 

POINT 

BASELINE 
Y POSITION 

2 3 4 

A. GRAPH Y 

5 

- - --BASELINE 

~------~--~----~--~--~--------X 
POINT 2 3 4 5 

C. HISTOGRAM Y 

NOTE: 
THE INITIAL X POSITION IS EQUAL TO THE X POSITION 
OF Yl; THE FI RST POINT PLOTTED IN EACH GRAPH IS 
DISPLAYED AS DRAWN WITH THE "INCREMENT INHIBIT" 
BIT SeT IN THE DATA WORD. 

Y 

Ys 

~------~--~----~--~--~-------- X 
POINT 2 3 4 5 

B. GRAPH Y CONNECTED 

Y 

BASELINE Y2 

Y POSITIONjlllll1 1- _ _ .... ~._ .. _., 
BASELINE 

--~Ys 

~-------r--~----~--~--~--------X 
POINT 1 2 3 4 5 

D. FILLED HISTOGRAM Y 
!BAR GRAPH) 

Figur. 3-21 
Qraph/Histogram-Y Mode Displays 
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1 -5 14 13 
I 

0 FUNCTION 
I 

Bit 

15 

14-13 

12 

11-10 

9-0 

12 11 10 09 08 07 06 05 04 03 02 01 00 , I I I I I 

INH 
RESERVED Y COORDINATE 

INC 
I I I 1 I I I 1 I I 

IIIIR 5054 

Figure 3-22 
Qraph/Histogram V Data Word Format 

Table 3-19 
Oraph/Histogram-V Data Word Definitions 

Name 

FUNCTION 

INH INC 
(Inhibit 
Increment) 

V-COORDINATE 

Definition 

1t0" specifies Qraphic Data Word. 

Thi. field is wncodwd •• follows: 

OO--QRAPH (Plot Single Point) 
01--CONNECTED gRAPH (connect new 

point to current point) 
10-·-HISTOORAM ( sing le-p i x el-\IIi dth 

line to baseline) 
II--FILLED HISTOGRAM (Bargraph) 

, "0" specifies that the value loaded 
by the LOAD GRAPH HISTOGRAM 
INCREMENT instruction is to be 
added to the current X position 
be~ore the 

"1" forces an increment value of 0 
to be .used (the X position is not 
stepped before the new point is 
plotted), 

Must be written to O. 

Absolute V-coordinate of the Oraph 
or Histogram position to be 
p lotted. [Note: the 10 bits of Y 
coordinate is baSed on a 
full-screen resolution of 1024 
points to allow for system 
expansion. In the VSVll/VS11 system 0' 512-point resolution, Y bit 0 is 
reserved and should be written to 
O. 
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Bit 

15 

14 

13 

12-7 

5-0 

MA·5055 

Figure 3-23 
Relative-Point Data Word Format (Mode 0110) 

Table 3-20 
Relative-Point Data Word Field Assignments 

INT 
(Intensify) 

:!:. X 
(Positive 01' 

N~gative X) 

DELTA-X 

:!:. y 
(Positive or 
Negative Y) 

DELTA-Y 

Description 

o indicates Dat~ word. 

1 cause. the point to be written 
("intensified"); 
o causes the graphic position to be 
updated to the specified point, but 
no pixel data is written into image 
m.mol'y. 

o speci9i~s that the X component 
moves to the right (+)J 

1 sp~cifies that the X component 
moves to the left (-). 

6-bit magnitude of the X 
(horizontal) component of the mov •. 
(Note that the LS6 is reserved). 

o speci9ie. that the V component 
moves up (+); 

1 specifies that the Y component 
moves down (-). 

6-bit magnitude or the Y (vertical) 
component of the move. 
(Note that the LSB is reserved). 
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3. 5.1.8 RUN-LENQTH Mode -

Run-Length mode c~n be used to repetitively display the s~me 
pixel data (intensitv) horizontally across the screen (parallel 
to-X-aJis) of the system monitor. 

A minimum of two instructions are required for Run-Length mode. 
The first instruction sets the mode (Run-Length mode) by 
specifying a mode code of 1001 for bits 14-11 (refer to Figure 
3-24 and Table 3-21>' Bit 10 is part of the Cp-code and must be 
• zero. Bits 8, 0 and 5 are used to control operation. Bits 9, 
7 and 4-0 are unu~ed and must be written to zeros. 

One or more Run-Length D.t. instructions can 'allow the 
Run-Length Mode instruction. The data instruction (Figure 3-25 
and Table 3-22) specifies the run length and pixel data. The 
7-bit run length indicates the number of consecutive times the 
same pixel data will be displayed along the X-axis. The display 
position is automatically incremented by one along the X-axis 
until the count specified in the run length is reach.d, At the 
end of the run, the VSVII/VSll requests another data word. The 
maximum run length that can be specified is 177 (S) [127 (10)l. 
A run-length field o~ zero is interpreted as a NEWLINE command. 
causing the X position to return to its original position (at the 
time o~ Run-Length mode instuction was 'etched) and the Y 
position to be stepped up or down by one or two lines. 

The pixel data bits (bits 7-0) are used to specify the intensity 
(for black and white systems), or color ('or color systems) 0' 
the displayed pixil. 

A typical display file could consist of a series of Run~Length 
mode data instructions, each instruction specifying a different 
intensity level or color for the pixel data. The pixel data can 
be changed with each new data word. The DSR is not updated with 
the new pixel data in Run-Length mode. 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

RES I SKIP I RES I DBl IDO:Nc><I><r><r><t><J 
MA 5056 

Figure 3-~4 
Run-Length Hod. Instruction Word Format 
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Bit 

15 

14-10 

9, 7, 
4-0 

8 

5 

Table 3-21 
Run-Length Hade Inatruction Word D.~inition. 

Run-Length 
Mode OpCode 

Reserved 

SKIP 
(Enable 
Line-Skip) 

DBL 
(Doubl.
Count) 

V DOWN 
(Y Down) 

"10010" 5peci'ie. entrw into the 
Run-Length Mode 

The.e bits are reserved and must be 
written to O. 

"0" specifi.. that the V position i. 
to b. stepped by one pixel line on the 
screen when a NEWLINE data command ia 
encountered. 

"1» specifies that the V position is 
to be stepped bV two pixel lines when 
a NEWLINE data command is encountered. 

"0 11 specifies that the Run-Length 
count ~ield in the data word specifies 
the number 09 pixels to ~. written. 

"III specifies that twice the number 0' 
pixels indicated in the Run-Length 
count ~ield are to be written. 

110" speci~ies that the Y position is 
stepped up (bottom to top) when. 
NEWLINE data command is encountered. 

11111 specifies that the V position ia 
stepped down (top to bottom) when a 
NEWLINE is encountered. 
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15 14 

a 

Bit 

15 

14-8 

7-0 

13 12 11 10 09 08 07 06 05 04 03 02 01 

Figure 3-25 
Run-Length Data Word Format 

Table 3-22 
Run-Length Data Word DeFinitions 

Name Description 

"0" speciFies a Graphic Data word. 

00 

MA-5057 

RUN LENGTH If nonzero, specifies the number of 
consecutive pixels to b. displayed 
horizontally starting from the current 
X-V coordinate position. (If bit 6 of 
the Run-Length Mode instruction ~as 11 
twice as many pixels are written. 

PIXEL DATA 

!9 th. Run=L.ngth fi.ld is Zero, • 
NEWLINE operation is performed: the 
X-coordinate position is restored to 
the- valu. it was when the Run-Length 
Hode instruction was Fetched, and the 
Y coordinate position is stepped up or 
down by one or two lines, as specified 
by bits 5 and B of the Mode 
instruction. When RUN-LENGTH=O, the 
Pixel Data field is ignored. 

DeFines the color or intensity of the 
series of pixels to be written. If the 
RUN LENGTH field is 0, PIXEL DATA is 
ignored. 
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3. 5. 2 Control Instruction. 

The paragraphs which 'ollow describe each 0' the Contral 
instructions. These instructions provide 'or .etup 0' operating 
parameters, display progra. control (No-Op, branching, stopping), 
and communicating with control and status registers on the Image 
Memor~ and S~nc (~o~stick) channels. 

The Control instructions do not change the Oraphic mode ~, the 
VSV11/VSll and may be embedded within the graphic data stream 0' 
the displa~ file. The~ may not, however, be inserted between the 
twa word 0' a long-format graphic data packet (absolute point or 
long vee tor >. 

3.5.2.1 JOYSTICK STATUS-

The JOYSTICK STATUS instruction is shown in Figure 3-26 and 
described in Table 3-23. This instruction is used to select one 
out of a possible four S~nc/Joystick channels which a VSVll/VS11 
s~stem may have, to control cursor crosshair intensit~ (on or 
off), retrieve cursor X-V coordinates and status, and enable 
Cursor Match and Joystick Switch interrupts. 

Bits 14-10 contain the op-code (10011) for. the JPYSTICK STATUS 
instruction. The ~oystick Select bits (bits 8 and 9) are used to 
select one out of four possible channels. In a multi-Joystick 
system, the Jo~sticks are addressed O. 1, 2, 3. If the Channel 
Protect bit in the CSR register is set, the ~aystick Select bits 
are ignored and the Joystick channel number is supplied from CSR 
bits Band 9. 

~oystick 0 is selected by writing zeros to bit. 8 and 9. 
Joystick 1 is selected b~ writing bit B to a one and bit 9 to • 
zero. The remaining two Joysticks (2 and 3) are selected b~ 
writing bits Sand 9 to 10 and 11 respectively. It should be 
noted that only one Joystick can b. selected at one time. The 
selected Joystick overrides the non-selected Joysticks. In a 
single Joystick system, the Joystick is addressed as O. 

Bit 7 is an unused bit and must be written to zero. 

Bits 5 and 4 control the cursor crosshair intensity. Both 0' 
these bits must be written to a one to intensify (make visibl.) 
the cursor crosshairs. In order t~ turn off the curSor 
intensity, bit 5 must be set to 1 while bit 4 is set to O. 

The Match Interrupt Enable (bit 3) and the Match Interrupt (bit 
2) control the Cursor Match interrupt. This interrupt to the 
Display Processor is produced when the cursor X-V coordinates are 
~n. seme (match) as an Image Memory pix~l position (X-V 
cDordinates) being written when the J~Y$tick interrupt switch is 
pressed (or when the "simulated Joys-tick switch" is active, se. 
Paragraph 3.5.2.2>' The Display Processor must be writing to the 
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Image M,mory pixel location which matches the X-V cursor 
coordinates. At the time the match interrupt to the host OCCUl'S, 

the x-V coordinates of the cursor position are in the Display 
Processor's DXR and DVR status registers. 

Bits 1 and 0 control the switch interrupt. This interrupt is 
produced whenever the Jo~stick interrupt switch is pressed (or 
the "simulated switch" is active) and the VSVll/VSll has finished 
processing an instruction. Both bits (bits 1 and 0) must be 
written to a one to enable the interrupt. When the interrupt is 
produced, if the DPU was running, the X-V coordinates of the 
curaor, plus various status bits, are in the Display Proce.sor 
DXR and DYR status reg i sters (Paragraphs 3. 3. 3 and 3. 3. 4), I I 
the DPU was idle, the program must request that the cursor 
position and status be retrieved. 

When bit 6 is coded to 1, the cursor X-V coordinates and various 
status bits (Crosshair Intensit~ Enable, Match and Switch 
Interrupt Enables, and Interlace/Noninterlace status) are 
retrieved 'rom the selected channel and placed in the DXR and DYR 
registers (Paragraphs 3.3.3 and 3.3.4. ) 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
I I I I 

JOYSTICK C>< 
CH CH MCH MCH SW SW 

1 JOYSTICK STATUS 
SE1ECT 

READ INT 
INT INT INT 

INT INT 
I I I I ENA ENA ENA 

MA-5058 

Figure 3-26 
~OVSTICK STATUS Instruction Format 
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Bit 

15 

14-10 

9-8 

7 

5 

4 

3 

Table 3-23 
~OVSTICK STATUS Instruction Bit Definitions 

~OYSTICK 
SELECT 

READ 
(Read Cursor) 

CH INT EN 
(Crosshair 
Intensity 
Enable) 

CH INT 
(Crosshair 
Intensity) 

MCH INT ENA 
<Match 
Interrupt 
Enable) 

MCH INT 
(Match 
Interrupt) 

Description 

"1" indicates Control word. 

"10011" specifies the ~OVSTICK STATUS 
Contrel instruction. 

Addresses one of four possible 
Joystick channels to receive the data 
specified in bits 6-0. 

Must be written with O. 

When set (1), this bit cause. the 
current X-V cursor coordinates. .long 
with various status bits, to be 
retrieved from the selected channel 
and displayed in the DXR and OVR' 
registers. The information in DXR and 
DVR is lost on succeeding graphic 
drawing operations. Wh~n this bit is 
clear (0), no read op.ra~ion occurs. 

When set (1), enables CROSSHAIR 
INTENSITV (bit 4) to be loaded into 
the intensity register. 

1 = Crosshair Intensity On 
o = Crosshair Intensity Off 

[This bit has meaning only if bit 5, 
CH INT EN, is set (1 >. 1 

The CH INT status can be read in bit 
12 of the DYR register 'allowing 
retrieval of cursor coordinates. 

When set (1), .nabies MATCH INiERRUPT 
(bit 2) to be loaded into the Match 
Interrupt register to enable or 
disable the Match Interrupt. 

1 = enable Cursor Match Interrupt 
o = disableCursor Match Interrupt 

[This bit has meaning only when bit 3, 
MAT INT EN, is set (1)'] 

------- -------------- -----------------------------------------
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2 

1 

o 

Table 3-23 (con It) 
~OYSTICK STATUS Instruction Bit De~initions 

HCH INT 
(con/t) 

SW INT ENA 
(Switch 
Interrupt 
Enable) 

• SW INT 
(Switch 
Interrupt> 

Description 

When the Hatch Interrupt is enabled, 
the Display Processor is interrupted 
out o~ a graphic drawing operation 

f when the current pixel writing 
position matches the cursor position. 
This "matching" position is displayed 
in the DXR and DYR registers, but the 
actual graphic position, stored 
internally, is updated to the logical 
endpoint o~ the graph-ic operation. The 
state o~ MAT INT c~n b~ read as bit 12 
o~ the DXR register following 
r.tri.val of cursor coordinat~s, 

When set (1), this bit enables the 
SWITCH INTERRUPT bit; bit 0, to be 
loaded into the Joystick channel to 
enable or disable the Switch 
Interrupt. 

1 = enable Switch Interrupt 
o = dis~ble Switch Interrupt 

[This bit has meaning only i~ bit I, 
SW I NT EN lis set (1 >. J 

When the Switch Interrupt is enabled, 
the Joystick Switch Interrupt request 
is posted to the host computer when 
the Joystick switch is pressed. I~ the 
DPU is running when the switch is 
pressed, display file processing stops 
at the end of the current instruction 
and the cursor X-V coordinaces are 
loaded into the DXR and DYR registeT-s. 
I~ the DPU is idle when the ~witch is 

»pres!-ed, only the interrupt occurs; 
the program must request the 
coordinates to be retrieved (Paragraph 
3.3.3>' The state of SW INT can be 
read as bit 11 o~ the DXR register 
~ollowing retrieVAl o~ cursor 
coordinates. 
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3.5.2.2 LOAD EXTENDED ~OYSTICK CONTROL -

The LOAD EXTENDED ~OVSTICK CONTROL instruction, shown in Figure 
3-27 and described in Table 3-24, controls the hard~are blink 
~eature and allo~s the display program to simulate the closing o~ 
the manual ~oystick Interrupt S~itch. 

Bit. 14-8 of the instruction word de~ine 
instruction and must be coded to 1111011. 
word is thRr.~ore 175400 (octal). 

the Op-code of the 
The basic instruction 

Bits 7-6 sp.ci~y the Joystick channel to be loaded (if the 
Channel Protect bit in the eSR is lero). If the Channel Protect 
bit in the CSR is one, instruction bits 7-6 are ignored and the 
channel number is supplied from eSR bits 9-8. 

Bits 5-2 are reserved. They are transmitted to the selected 
Joystick channel but have no e~fect. 

Writing a 1 into bit 1 simulates closure of the manual Joystick 
switch; writing a 0 relaases the simulated switch. The 
simulated switch can be used ~ith the interrupt enable bits in 
the ~Dystick Status instruction to cause S~itch and Match 
interrupts. 

Bit 0 controls the pixel Blink Enable in the JOY tick channel. 
Writing a 0 into this bit enables the blink feature. When 
blinking is enabled, any pixel displayed from the selected 
channel ~ill blink (flash o~f and on) if it contains a 1 in 
Video-Bus Data bit b (least- significant bit o~ GREEN in color 
systems). This bit corresponds to bit 8 of the pixel data 
supplied in the Graphic-Mode instruction words. Writing a 0 into 
bit 0 disables the blink feature. 
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15 14 1 
I 

LOAD EXTENDED JOYSTICK 
I 

JOYSTICK I SOFT BLNK 
RESERVED 

1 CONTROL REGiSTE7 CHA~NEL I SW ENA 
I I i-I I 1 I I 

3 12 1 1 10 09 08 07 05 04 03 02 01 00 06 

M~5059 

Figure 3-27 
LOAD EXTENDED ~OYSTICK CONTROL Instruction Form~t 

Tabl. 3-24 
LOAD EXTENDED ~OVSTICK CONTROL Instruction Bit Definitions 

Bit 

15 

14-8 

7-6 

• 5-2 

1 

o 

Op-Code 

~OYSTICK 

Reserved 

SOFT SW 
(Simulate 
Switch) 

BLNK ENA 
(Blink 
Enable) 

Description 

1 indicate~ Control word. 

"1111011 11 ~pecifies the LOAD EXTENDED 
~OYSTICK CONTROL REQISTER instruction. 

Addresses one of Joystick 
l ch.nnels to r.ceive the data -in bits 

5-0. 

Should be written to O. 

When set (1), causes simulated closure 
of the manual JO'.Jstick switch. WhlPn 
clear (0), the .imulated .witch i. 
released. (The simulated switch is 
inclusivIP1v-ORed with the manual 
switch input. 

When set (1), enables the blink 
feature (pixels with bit 8 set blink 

I on and orr). When clear (0), disables 
the blink feature. 
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3. 5. 2. 3 WRITE CURSOR COORDINATES -

The WRITE CURSOR COORDINATES control instruction, shown in Figure 
3-28 and described in T~ble 3-~5. lo.ds the X and Y cursor 
coordin~te registers in the selected Joystick ch~nn.l with the 
data from the following two words of the display file. Ten 
significant bits of each coordinate are sent to the ch.nnel, 
allowing the program to place the cursor outside of the visible 
screen area if the most-significant bit (bit 10) of either 
coord i nate is one. 

This instruction allows the program to set up initial cursor 
coordinates or simulate the action or the m~nual Joystick. 

Bits 7 L b of the instruction word select the Joystick channel 
(if the Channel Protect bit in the CSR is zero). 

Bits 5-0 of the instruction word are ignored but are reserved 'or 
future expansion. 

The coordinate data in the second and third instruction words, is 
placed in the same format as that used by the Graphic Mode 
instructions (based on a full-screen resolution or 1024 points). 

FIRST WORD 

15 14 13 12 . 11 10 09 08 07 06 05 04 03 02 , I I I I I 
JOYSTICK 1 WRITE CURSOR COORDINATES 
SF.LfCT 

RESERVED 
I I I I 

SECOND WORD 
15 14 13 12 11 

THIRD WORD 
15 14 13 12 i i 

I 

10 

iO 

I I I 

09 08 07 06 05 04 03 

no uo 07 06 nl; 04 

Figure 3-28 

03 

I 

WRITE CURSOR COORDINATES Instruction Format 
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02 

01 00 
I 

1 i 

01 00 

RES I 

01 00 
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Tabl. 3-25 
WRITE CURSOR COORDINATES Instruction Bit D.finitions 

15t 
Word 

Bit 

1 

14-8 

7-6 

5-0 

, 
• . -

~OYSTICK 
SELECT 

Description 

1 indicat.s Control word. 

"1111010" specifies the WRITE 
CURSOR COORDINATES instruc
tion. 

Addresses one of four Jovstick 
channels to receive the cursor 
coordinate data in the 
following two words. 

Must be written to O. 
-------- ------- -------------- --------------------------------1 

2nd ~ 15-11 Reserved Must b. written to O. 
3rd 
Words 

10-0 XIV 
CURSOR 
COORDINATES 

Words 2 and 3 speci~v the X 
and V cursor coordinate data. 
respectively. The data is in 
the standard format for the 
1024-point resolution. In the 
VSVI1/VS11 system of 512-point 
resolution, bit 0 of each 
coordinate is unused and 
s h 0 u I d b e wr itt en wit h O. I f 
bit 10 of .ither coordinate is 
set (lL the CUT'!Lor is placed 
outside of the visible screen 
area. 
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3.5.2.4 SeT HISTOGRAM BASE -

Th. SET HISTOGRAM BASE control instruction is used to establish a 
bas.line position ~or a histogram or ~illed-histogram (bargraph). 
This instruction is usu~lly issued bR'ore the Graph/Histogram X 
or Qraph/Histogram Y graphic modR instructions. 

As shown in Figure 3-29 and Tabl. 3-26, the SET HISTOQRAM BASE 
instruction is a two-word instruction. The first word speci'ies 
the Op-code in bits 14-10i bits 9-0 are reserved and should be 
set to O. 

ThR second word of the instruction sp.ci~ies the coordinat. 
location of the histogram baseline. The baseline position is 
interpreted within thR context o~ the GRAPH/HISTOGRAM instruction 
subsequently executed: for GRAPH/HISTOGRAM-X mode, the baseline 
is parallel to the Y axis; for GRAPH/HISTOGRAM-Y mode, the 
baseline is parallel to the X axis. [There is only one Histogram 
Base register. J The position information is in the standard 
~ormat for graphic coordinate data (based on a full-scr •• n 
resolution o~ 1024 points). 

After the histogram baseline coordinate is fetched, it is shifted 
one place to the right and stored in bits 11-0 of the internal 
HBASE register, which can be read via the DSR (Paragraph 3.3.2>' 
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FIRST WORD 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

SECOND WORD 
15 14 

I 

1st 
Word 

I 

I 

13 12 , 1 10 09 08 07 06 05 04 03 02 01 00 
! I I I , I I , I 

RESERVED HISTOGRAM BASELINE COORDINATE 
I I I I I 1 I I I I I I 

MA 5061 

Figure 3-29 
SET HISTOGRAM BASE Instruction Format 

Tiable 3-26 
SET HISTOGRAM BASE Instruction Bit De'initions 

Bit Name 

15 

14-10 Up-Code 

9-0 Reserved 

Description 

1 indicates Control word 

"10100" 
HISTOQRAM 
Op-Code. 

sDecifies the SET 
. BASE instruction 

Must to b. written to O. 
------- ------- -------------- -------------------------·-------1 

2nd 15-10 Reserved Must be ~ritten to O. 
Word 

9-0 HISTOGRAM 
BASELINE 
COORDINATE 
(Position) 

Location of the histogram 
baseline. This coordinate is 
based upon a full-screen 
resolution of 1024 points; in 
the VSVI1/VSll s~5tem of 512 
points, bit 0 is not used and 
should be s~t to o. 
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3.5.2.5 SET CHARACTER BASE -

-
The SET CHARACTER BASE control instruction is used to est.blish 
the bas. address 09 the table 09 dispatch addresses used in 
character mode. This instruction must be issued be'ore using the 
Character Mode instruction. Once .et, the character base addre.s 
remains unchanged until the VSV11/VSll is initialized or until 
another Set Character Base instruction is issued. 

As shown in Figure 3-30 and Table 3-27, the SET CHARACTER BASE 
instruction is a two-word instruction. The 9irst word speci'ies 
the Op-code. Bits 15-1 0' the second word speci'y the virtual 
displa~ 'ile address 0' the character dispatch table; bit 0 0' 
this word selects the display 'ile segment (0 indicates that the 
table is in the Main 'ile segment, while 1 indicates that it is 
in the Auxiliary segment). The dispatch table and associated 
character drawing routines must reside in the same segment. The 
base address is added to the character code in a Character Mode 
data word (Paragraph 3.5. 1. 1>' The resultant (virtual) address 
is a pointer (indirect address) to the starting location 0' • 
character dispatch routine. For example, assume a character base 
0' 2000 (8) and the character E is to be drawn. The 'allowing 
occurs: 

1. Character base = 2000 (8) 

2. Character E = 105 (8) ASCII = 001 000 101 

3. VSVll/VS11 microcode shi~t5 character cod. one place the 
le't 010 001 010 = 212 (8). (The one place shift i. 
done because the VSVll/VS11 can only address even 
locations>. 

4. Add character base and shi'ted character code -

2000 (8) 
+212 (8) 

2212 (8) = 010 010 001 010 

5. 2212 (8) is the memory location the VSV11/VS11 Displa~ 
Processor will go to. The contents 0' 2212 (8) will 
contain a number that is the address 0' the character 
drawing routine. The ,irst word 0' the routine must be 
either a Graphic Mode instruction or Control 
instruction, but not data. The character mode 
instruction will there'ore enter a display file that is 
use d to des c rib e a II pic t u r e .. . The POP ins t rue t ion 
(Paragraph 3.5.2.8) must be used at the end of the 
display 'ile to return the Displ~y Processor to the main 
routine. It is illegal to .nter th. charact.r mode 
whil~ the VSV11/VS11 is performing a character draw 
routine. 
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FIRST WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

: RESE~VED : 

SECOND WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

MR !l062 

Figure 3-30 
SET CHARACTER BASE Instruction Format 

Tabl@ 3-27 
SET CHARACTER BASE Instruction Bit De~initions 

1st 
Word 

Bit Name 

15 

14-10 Op-Code 

9-0 : Reserved 
------- -------1--------------

2nd : 15-1 'CHARACTER 
Word : BASE 

ADDRESS 

• 0 SEQ SEL 
(Segment-
Select) 

Description 

1 indicates Control word 

"10101" specifies the SET 
CHARACTER BASE instruction 

Must to be written to O. 

Virtual address o~ the first 
1 ... ~!S~ ....... 
.WO'-_V.WI' 

_ ... , _ .. t. _ ~ ••• __ ., ... 
_ U~W~ft WI _w.w~ 

containing the addresses of 
character drawing subrou
tines. These addresses refer 
to locations within the 
segment speci~ied in bit 0 
(SEG) of the instruction word. 

"0" speci~ies that the 
dispatch table and associated 
character- drawing routines 
reside in the Main display 
file segment. 

Ill" speci~ies that th. tabl. 
and routines reside in the 
Auxiliary segment. 
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3.5.2.6 DISPLAY ~UMP -

The DISPLAY ~UMP (D~UMP) control instruction is used to perform _ 
"Jump" to ~ virtual address within the current displ_~ file 
segment. This instruction is ~ two-word instruction, as shown in 
Figure 3-31 ~nd Table 3-28. The Op-code (160000 (8» is 
speci'ied in the 'irst word. The virtu~l destination address 0' 
the Jump is speci'i.d in the second word. aecause the VSVll/V911 
i. a word-oriented machine and because Jumping is allowed onlv 
within the current displa~-9ile segment, bit 0 09 the second word 
must be O. 

Because Jumping is allowed only within the current segment, 
display subroutines <such as for drawing characters) that are 
assembl.d to run in one segment and include Jumps can be run in 
the other display-'ile segment without reassembly. 
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FIRST WORD 
15 14 13 

1 I 

SECOND WORD 

15 14 

1st 
Word 

2nd 
Word 

13 

12 11 1 a 09 08 07 06 05 04 03 02 01 00 

12 11 10 09 08 07 06 05 04 03 02 01 00 

MR·5063 

Figure 3-31 
DISPLAY ~UMP Instruction Format 

Tabl. 3-28 
DISPLAY JUMP (DJUMP) Instruction Bit De~initions 

Bit 

15 

14-0 

15-1 

o 

Name 

Op-Code 

VIRTUAL 
~UMP 

ADDRESS 

Description 

1 indic.t.s Control word 

160000 
DISPLAY 
Op-Cod •. 

(8) sp.cifies the 
JUMP instruction 

Sp.cifi.. the 
address of 
instruction. 

destination 
the Jump 

The address is a ~ord address 
in host memory within the 
current display file segment; 
this bit must th.refore be O. 
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3.5.2.7 DISPLAY JUMP-TO-SUBROUTINE -

The DISPLAY JUMP-TO-SUBROUTINE (DJMS) control instruction ia used 
to call • display subprogram. It function~ _ simil.rl~ to the 
Character Mode subroutine call but provid •• for a "direct" e.ll 
to the subroutine. The subroutine can r.sid. in either the M.in 
or Auxiliary displa~-file segment and must be terminated ~ith • 
DPOP instruction to return the displa~ program to the Main 
segment at the location following tha D~MS instruction. Onl~ one 
leval of subroutining is allowed. 

As shown in Figure 3-32 and Table 3-29, DJMS is a two-word 
instruction. The first word specifies the Op-code (160001 
octal). Bits 15-1 of the second word specify the virtual display 
file address of the subroutine being called. Bit 0 of the second 
word specifies the segment for the address (0 specifies Hain 
•• gment, 1 specifies Auxiliar'J segment>. 

Onl~ one level of subroutining is allowed, which implies: 

1. lhe DJMS cannot be executed from a subroutine (either 
one called via the Character mode or by another DJHS). 

2. DJMS cannot be executed from the Auxiliarv segment 
(since a subroutine call is required in order to begin 
execution in the Auxiliary segment. 

3. The Bit-Map and DHA Pixel Readback instructions cannot 
be executed within a display subroutine <since th ••• 
instructions use the address-save register in the 
VSV11/VS11. 

I' an attempt is made to violate any 0' the above restrictions, 
display processing stops with a Se~uenc. Error. 

If processing is stopped within a display subroutine, the 
internal PCSAVE register (accessed via DSR) contains the virtual 
address of the instruction following the DJMS. 

3-76 



FIRST WORD 
15 14 13 12 11 10 09 08· 07 06 OS 04 03 02 01 00 

SECOND WORD 

15 14 13 12 11 10 09 08 07 06 OS 04 03 02 01 00 

MR-S064 

Figure 3~32 
DISPLAV JUMP-TO-SUBROUTINE Instruction Format 

Table 3-29 
DISPLAV ~UMP-TO-SUBROUTINE (DJMS) Instruction Bit DefinitiDns 

1st 
Word 

Bit 

15 

14-0 

Name 

Op-Code 

Description 

1 indicates Control word 

160001 (8) specifies the I 

DISPLAY JUMP-TO-SUBROUTINE 
Op-Code. 

------- ------- --------------I---------~---------------------
2nd 
Word 

15-1 

o 

SUBROUTINE 
VIRTUAL 
ADDRESS 

SEQ SEL 
(Segment 
Select) 

Specifies the 
addrvss of 
instruction. 

destination 
the DJMS 

Specifies the displ~y file 
segment of the subroutine: 

"0" = Main Segment 
"1" = Auxiliarv Segment 
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3. 5.2.8 DISPLAY POP -

The DISPLAY POP (DPOP) control instruction is used to ~etu~n froM 
a display subroutine (one called eithe~ by D~MS o~ via the 
Ch.~ac ter mode). 

DPOP is a 5ingle-word instruction, shown in Figu~. 3-33 and r.bl. 
3-30. It is coded as 165000 (octal). 

When DPOP is executed, the Display Program Counter (DPC) i. 
loaded with the contents 0' the PCSAVE register (containing the 
return address) and the Main segment memory management pa~am.t.~s 
are restored, thereby returning the display program to the 
location following the original sub~outine call (eithe~ a D~HS 01' 

a Character mode data word>. Bit 0 of PCSAVE (accessible via the 
DSR) is then set to 1 to indicate that it is "empty" and can be 
used 90~ another subroutine call. 

15 14 

Bit 

15 

14-0 

13 12 11 10 09 08 07 06 05 04 03 02 01 00 

MFH~065 

Figu~e 3-33 
DISPLAY POP Instruction Format 

Table 3-30 
DISPLAY POP (DPOP) Instruction Bit De'initions 

Name Description 

tlln indicates Control word 

Octal 165000 For the word speci'ie. 
the DISPLAY POP instruction. 
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3.5.2.9 DNOP-

The DISPLAY NOP (DNOP) instruction is used to pl.ce the Displ.y 
Pro~e5sor into. st.ll. 

As shown in Figure 3-34 and Table 3-31, the DNOP control 
instruction is a singl~ word instruction. The DNOP op-code 
(110100) is specified in bits 14-9. 'A vertical down count is 
speci'ied in bits 8-0. The VSV11/VS11 will do NOPs for the 
number 0' vertical syncs speci9ied in ther vertical down count. 
19 the vertical down count e~ua15 zero, a NOP will occur for one 
DPU instruction cycl~. Aft~r the NOP, the Display Processor will 
continue to the next instruction. 

15 14 

Bit 

15 

14-9 

8-0 

13 12 11 10 09 08 07 06 05 04 03 02 01 00 

DISPLAY NOP VERTICAL DOWN COUNT 

MR·5066 

Figure 3-34 
DNOP Instruction Word Format 

Table 3-31 
DNOP Instruction Bit Definitions 

Name 

Op-Code 

VERTICAL 
DOWN 
COUNT 

D.c.c'rin~;nn ----- -r--- oo 

"111 indicates· Control word 

u 110100" spec i fi es the DNOP i nstru-c ti on. 
The DPU will "stall" for the number 0' 
vertical sync's speci'ied by the Vertical 
DO\lln Count bits (bits 8-0), If the count 
is 0, no stall occurs; the DPU proceeds on 
to the next instruction. 

Specifi~s the number of CRT fields 
<vertical blank pUlSES) to be counted 
before the DPU continues to the next 
display instruction. Vertical sync pulses 
occur at 16.7 mS (60 Hz) or 20 mS (50 Hz) 
i nter"al s. 
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3. S. ~. 10 LOAD STATUS REQISTER A -

.The LOAD STATUS A control instruction per'orms several 9unctions: 

Stopping the DPU, 

Enabling or disabling the STOP interrupt, 

Switching the Image Memor~ Read/Write mode, and 

As shown in Figure 3-35 and Table 3-32, the LOAD STATUS A 
instruction is a single-word instruction. The op-code for the 
instruction is specified in bits 14-11. Bits 10. 9 and 8 set up 
the DPU stop function. If bit 10 is set, and bits 8 and 9 are 
zeros, the DPU will stop and no stop interrupt will be produced. 
The DPU will stop and a stop interrupt will be generated i' bits 
10. 9 and 8 are all set to ones. Bits 9 and 8 enable or disable 
the stop interrupt. The actual interrupt enable is stored 
internally and could be in the set state ("1" state) 9rom a 
previous LOAD STATUS A instruction. With bits 10, 9 and 8 
controlling th& stop ~unction, it is possible to: 

1. Stop the DPU and not generate an interrl'ot. 

2. Set the internal Stop Interrupt Enable and not per'orm a 
stop, and 

3. Do a stop and generate a STOP interrupt to the CPU. 

Bit 7 is the Image Memory "Switch" bit. For @ach memory channel 
to be switched. this 'unction must be enabl&d with the Read/WTite 
Switch Enable bit (bit 3) of the LOAD STATUS C control 
instruction (Paragraph 3.5.2.11), Since the Image Memory is • 
single port memory, the port is multiplexed ~or read and writ. 
operations. If the Image Memory has "been selected for Read-Only 
(Paragraph 3.5.2.11, bits 4 and 5), and new pixel data is now 
going to be written to the memory, setting bit 7 to a one will 
cause bits 4 and 5 of the data loaded by the LOAD STATUS C 
instruction to be swapped. This places the Image Memory in the 
Wr i t e -On 1 y mo d •. Be' or e the I ma geM emor y c an bel" e ad' 01" 

display, another switch must occur after the memory write. In a 
multi-image memor~ system, the Switch bit can control the 
switching between two memories. Thus, one memory can be read 
while the other is being written. This provides '01" smooth 
dynamic graphics on the system monitor. 

Bits 5 and 6 are used to set Dr clear all write-enabled image 
memory planes. The m.mory planefi are writ.-.nabled with the LOAD 
STATUS C instruction. I9 the memory planes are write enabled, 
setting bits 5 and 6 to ones cause all locations 09 the writ. 
enabled memory planes to be cleared. Setting bit 6 to a on. and 
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bit 5 to ~ zero causes all write enabled memoru planes to be 
written with the contents 0' th. image memoru Data Latch. The 
Data Latch mau cont.in pixel data from. pr.vious instruction. 

Bits 4-0 are not used by the Display Processor, but are available 
to the programmer. These bits can be used to identi9y various 
stops in the display 9ile 90r programmer applications. 

15 

uit 

15 

14-11 

10 

9 

14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

LOAD STATUS 
REGISTER A 

STOP STOP SW 
STOP k~~ INT R/W 

SET SET 

~~~ CLR 

MR-5uol 

Figure 3-35 
LOAD STATUS A Instruction Format 

Table 3-32 
LOAD STATUS A Instruction Bit Derinitions 

Name Description 

Op-Code 

STOP 

STOP INT ENA 
(stop 
Interrupt 
Enable) 

"1" indicates Control word. 

Ul110" specifies the LOAD STATUS A 
i nstruc t ion. 

When set (1), halts display 9ile 
e x e cut ion. Aft e r the s top, DP Cis 
pointing to the instruction following 
the LOAD STATUS A. 

Wh ens e t , en a b 1 e s bit B, ST OP 
INTERRUPT, into the Stop Interrupt 
Enable register, to enable or disable 
the Stop interrupt. 

--~----,-----~-------- ----------------------------------------
(cont'd on next page) 
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Sit 

8 

7 

5 
• 

4-0 

Table 3-3~ (con't) 
LOAD STATUS A Inst~uction Bit Definitions 

Name 

STOP INT 
(Stop 
Interrupt) 

SW R/W 
(Switch 
Read/Writ. 
Modes) 

SET/CLRENA 

t SET/CLR 

Not Used 

Description 

When bit 9 is 1, this bit operat •• as 
follows: 

tl1t1 causes an interrupt to host CPU 
t when display processing stops; 

"0" specifies that no interrupt is to 
occu~ when display processing stops. 

[Note: The FSI bit in CSR can rorce a 
Stop interrupt irrespective Dr the 
states of bits 9 " B. ] 

When 6et, causes the Read Mode and 
Write Mode bits in all memory channels 
enabled 901" a switch (by the LOAD 
STATUS C instruction) to be swapped. 
An enabled Read-Only memory will 
switch to Write-Only mode, and 
vi c e-versa. Hemori es i 1 Protec t mod e 
or in Read/Write mode, .. ,' not enabled 
fo~ a switch, will not be affected. 

When set causes all image memories in 
Write-Only or Read/Write mode to be 
cleared or set, as specified by bit 5. 

When bit 6, SET/CLR ENA, is set, this 
t bit controls memo~y action as follows: 

tt1t1 causes all pixels in write-enabled 
memories to be cleared to zero. 

"0" causes all pixels in write-enabled 
memories to be set to the data 

I currently in the memory Data Latch <as 
loaded via a Qraphic-Hode or Bit-Hap 
inst~uction). 

These bits 
VSV11/VS11 
written to 

are 
sy stem. 
o and 

user applications. 
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3.5.2.11 LOAD STATUS C -

Imag~ m~mory Channel S~l.ct, m.mor~ R.ad/Write Select, memory 
Switch Enable. and Pixel Mode select are the functions set-up by 
the LOAD STATUS C control instruction . 

. 
The LOAD STATUS C instruction is a single-word instruction, •• 
shown in Figur~ 3-36 and Table 3-33. Bits 14-10 are the Op-Code 
bits (11111). Channel Select bits 9 and B ere used to sel.ct a 
particular Image Memory channel to rec.ive the data in bits 5-0. 
A typical VSV11/VS11 syst.m can have from one to four memory 
channels. The cnannels are addres5ed as 0, 1, 2, and 3. A 
singl~ channel system has a channel address of O. Channel 0 is 
5~lected by writing bits 9 and 8 to z.ros. Writing bits 9 and 8 
to z.ro and one, respectively. selects channel one. The 
remaining two Imag. Memory chann.ls are selected by setting bit 9 
to a one and bit 8 to a zero (channel 2), or both bits 9 and 8 to 
ones (channel 3). (The Channel Select bits can be overridden by 
the Channel Protect bit in CSR). 

Bits 7 and b are unused and must be written to zeros. 

The memory Read/Write mode bits (5 and 4) control the read/write 
accessibility of the selected Image Memory. These two bits 
establish Read/Write modes as follo~s: 

1. 00 = read and write both inhibited (Protect mode), 

2. 01 = write enabled and read inhibited (Write-Only mode), 

3. 10 = read enabled and writ. inhibited (Read-Only mode), 

4. 11 - both read and write enabled (Read/Write mode). 

Read/Write Switch Enable (bit 3) is used in conjunction with bit 
7 (SW R/W) 0' the LOAD STATUS A instruction. When bit 3 
(Read/Write Switch Enable) is set ("1" state), bits 5 and 4 of 
the data sent by the LOAD STATUS· C instruction ~ill switch, to 
change between Read and Write modes for the Image Memory. 

Bits 2 and 1 control the pixel writing mode. Changing of the 
pixel mode is enabled when bit 2 is set ("1" state). Bit 1 
controls the pixel mode. When bit 1 = 0, new data written to an 
Image Memory pixel location replaces existing data in that 
location. When bit 1 = 1, new data written to an Image Memory 
location is logically ORed with existing data in that location. 
(This function also works when setting or clearing image 
memories, allowing only bits selected by l's in the Data Latch to 
be affected). 
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15 14 
I 

1 , 

Bit 

15 

14-10 

9-8 

7-6 

5 

4 

13 12 11 10 09 08 07 06 05 04 03 02 01 00 , I I 

CHANNEL MEMORY R/W l'S l'S ~ LOAD STATUS RESERVED SW ONLY 
SELECT READ~RITE ONLY REGISTE~ C 

I 1 1 ENA ENA 

Figure 3-36 
LOAD STATUS C Instruction Format 

Tabl_ 3-33 
LOAD STATUS C Instruction Bit D_'initions 

Name 

Op-Code 

CHANNEL 
SELECT 

RD EN 
(R.ad Enable> 

WRT EN 
(Write 
Enable> 

Dltscription 

"1" indicates Control \laord. 

"11111" specifies the LOAD STATUS C 
instruction. 

Addresses one 0' 'our 
channels to receive th 
5-0 of the instruction. 

Must be written to O. 

Imaglt Memory 
data in bits 

When set, enables the selected memory • 
channel to bit read out to the 
associated monitor. When cl.ar, 
disables the memory 'rom sending data 
to thlt monitor. 

When set, enables the selltcted memory 
channel to b~ written with pixel data 
from the DPU. When clear, disables th. 
memory 'rom being written. 

Bits 5 ~ 4 considered together pl.c. 
th_ mltmor~ in the following modes: 

00 - PROTECT mode 
01 = WRITE-ONLY mode 
10 = READ-ONLY mode 
11 = READ/WRITE mode 

Any memory in Write-onl~ or Read/Write 
mode will send data to the DPU during 
Pixel Readback operations. 

-------I--------------f----------------------------------------i 
(cont/d on next page> 
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Bit 

:3 

1 

o 

Tabl. 3-33 (con't) 
LOAD STATUS C Instruction Bit D~finitions 

Name 

R/W SW EN 
(Read-Write 
Switch 
Enable> 

l's ONLY ENA 
(Write l's 
Onl~ 
Enable> 

l's ONLY 
(Write l's 
Only> 

Description 

When set, enables bit 7 of the LOAD 
STATUS A instruction to cause the READ 
and WRITE mod. bits in the memor" 
chann.l to be s"'.pped (READ is lo.ded 
into th~ WRITE bit; and vice versa). 

When set, enables bit 1, l's ONLY, to 
be loaded into the selected memory 
channel. 

This bit, when loaded into the memory 
channel when bit 2 is set, controls 
the writing of pixel ~ata as follows: 

"0" m new pix~l data written to a 
pixel location will replace existing 
data in that location. 

Itll1 = new pixel data written to a 
pixel loc.tion will be logically ORed 
with the existing data (e. g., only l's 
are wr i tten >. 
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3.5.2.12 LOAD QRAPHPLOT INCREMENT -

The LOAD QRAPHPLOT INCREMENT control instruction .et. up the 
increment <sp.cing) between dAta points plotted b~ the 
gr.ph/Histogram graphic mode instructions. 

As shown in Figure 3-37 and Table 3-34, LOAD QRAPHPLOT INCREMENT 
is • single-word instruction. The instruction op-code 
(111100001) is specified in bit. 14-6 And the increment is 
specified in bits 5-0. 

The increment VAlue is specified in the 
Format (b itO is not used>. Th erefore, 
31 (decimal) pixels may be specified. 

10~4-point resolution 
increments of 0 through 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
I T T I , I I I ' -' GRAPH PLOT/HISTOGRAM 

1 LOAD GRAPH PLOT INCREMENT 
lINCR~MENT I , I I 1 I I I I I I 

Figure 3-37 
LOAD QRAPHPLOT INCREMENT In~truction Format 

Table 3-34 
LOAD GRAPHPLOT INCREMENT Instruction Bit Definitions 

Bit 

15 

14-6 

5-0 

Name 

Op-Code 

GRAPHI 
HISTOGRAM 
INCREMENT 

Description 

"1" indicates Control word. 

"111100001" speciFies the LOAD 
QRAPHPLOT INCREMENT instruction. 

Sets the distance between data points 
executed in the Graph/Histogram-X and 
-y graphic modes. The increment is 
specified in the 1024-point resolution 
Format, so bit 0 is reserved And 
should be set to O. 
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3. 5.2. 13 LOAD PIXEL-DATA INHIBIT -

The LOAD PIXEL-DATA INHIBIT control instruction is used to 
override the e~~ect the Pixel-Data-Enable bit (bit 10) o~ the 
Gr~phic Mode instructions. 

As shown in Figure 3-38 and Table 3-35, LOAD PIXEL-DATA-INHIBIT 
is a single-word instruction. Bits 14-8 along with bit 6 speci~y 
the Op-Code. Bit 7 specifies the state of the inhibit (0 to 
clear it, 1 to set it>. Bits 5-0 of the instruction are reserved 
and should be set to O. 

When the inhibit <an internal flag bit within the Display 
Processor) is set, new pixel data is not loaded into the DSR and 
memory data latch by a Graphic Hode instruction, even if bit 10 
of that instruction is set (1)' When the inhibit is clear, the 
Graphic Hode instructions cause new pixel data to be loaded ~rom 

bits 9-2 if bit 10 is set. 

Therefore, the c lear and set instructions are (in octal): 

174000 
174200 

clears the Pixel Data Inhibit 
sets the Pixel Data Inhibit 

The Pixel Data Inhibit is automatically cleared on a display 
START but left intact on a RESUME. 

The Pixel Data Inhibit ~eature is useful for .electively 
uerasing" complex pictures drawn by display files containing 
several changes of pixel data. Rather than having the software 
scan the display file and change each occurrence of pixel data 
specification (to black or a background color), the background 
pixel color/intensity needed 90r erasing can be set once (as, 
with an Absolute Point mode instruction), the Pixel-Data-Inhibit 
mode can be set, and the original display 9ile executed to erase 
th e drawi ng. 
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15 14 

1 

I 

L 

Bit 

15 

14-8, 
6 

7 

5-0 

13 12 1 1 10 09 08 07 06 05 04 03 02 01 00 
I I I I I PIXEL 

I 

LOAD PIXEL DATA INHIBIT DATA LPDI RESERVED 

1 I I I I INH I I I I I 

MFI·5070 

Figure 3-38 
LOAD PIXEL DATA INHIBIT Inst~uction Format 

Table 3-35 
LOAD PIXEL DATA INHIBIT Instruction Bit D.9initions 

Nam. 

Op-Code 

PDI 
(Pixel Data 
Inhibit) 

Reserved 

D.sc~iption 

"1" indicates Control word. 

"1111000xO" speci9ies the LOAD PIXEL 
DATA INHIBIT instruction. 

"0" clears the internal Pixel Dat. 
Inhibit 9lag, allowing the O~aphic 
Mode instructions to load n.w pix.l 
data. 

N1N sets th. internal Pix.l D.t. 
Inhibit flag, inhibiting th. g~aphic 
Mode instructions (.xcept Run- L.ngth 
mod.) ~rom loading new pixel data. 

Must be written to O. 
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3.5.2.14 MARKER NO-OP -

The MARKER instruction is a No-op with ten Iree (unused) bits 
th~t can be used by soltware to "mark" locations in the display 
lil. in order to lacilitate manipulation of the fil.. Figure 
3-39 illustrates the instruction format .nd Table 3-36 describe. 
the bit fields. No operations are performed bV this instruction. 

15 14 

Bit 

15 

14-10 

9-0 

13 12 11 10 09 08 07 06 05 04 03 02 01 00 

Figure 3-39 
MARKER No-Op Instruction Format 

Table 3-36 
MARKER Instruction Field Definitions 

Name 

OP-CODE 

Not Used 

Definition 

1 indi.cates Control word. 

MARKER No-Op Instruction Op-Code. 

These bits are not used. They are 
available for user applications. 
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-
BIT-MAP-O, BIT-HAP-1, and DMA PIXEL READBACK compri.e the set of 
Special instructions. These instructions transfer pixel-bv-pixel 
data between host CPU memory and VSVIIJVSll Image Memorv. These 
instructions are placed in a special class because they de.l with 
data items (packed pixel words and buffer addresses) that cannot 
use bit 15 of a word to distinguish between data and control 
information. They operate in a manner similar to the Control 
instructions in that they do not change the current Graphic Mode 
of the Display Processor. However. because these instructions 
cause the Display Program Counter (DPe) to be saved in the PCSAVE 
register (so that DPe can be used as an address for pixel DMA 
transfers), they cannot be .. xecuted from a display subroutine. 
Such an attempt would cause a Se~uenc. Error stop to be taken. 

Pixel data is handled in two formats. shown in Figure 3-40. The 
format is selected b~ bit 9 of the first word of the special 
instuctions. When bit 9 is zero (0), the four 4-bit pixels per 
word format is selected. Pixels are packed right-to-left within 
the word (the first pixel handled is in bits 3-0, the second is 
in bits 7-4, the third is in bits 11-B and the last is in bits 
15-12>' When bit 9 of the instruction word is set (1), two B-bit 
pixels per word are expected. The first pixel is in the least
significant (right) byte (bits 7-0) and the second pixel is in 
the most- significant (l.ft) byte (bits 15-B). 

Each of the Special Instructions contains a buffer address 
pointer, defining the start of the host CPU memory are. 
containing the pixel data to be transferred. This buffer can be 
in either the Main or Auxiliary display-file segment, as selected 
by bit 0 of the buffer address parameter word (0 selects the Main 
segment, 1 selects the Auxiliary segment>. 

The following paragraphs 
instructions in detail. 

describe 
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FOUR 4·BIT PIXELS 

15 14 13 12 11 

TWO 8·BIT PIXELS 
15 14 13 12 11 

PI+L 1 

10 09 08 07 06 05 04 03 

10 09 08 07 06 05 04 03 

PI~EL a 

Figure 3-40 
BIT-HAP Dat. Word Form.ts 
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3. 5. 3. 1 BIT-MAP 0 -

The-BIT-HAP-O instruction moves a square array 01 pixel data from 
host-CPU memory into VSV11/VSll ImAge Memory, optionall~ scaling 
(exp~nding) ilnd "smoothing" the ilrray. The source arra~ ia 
retrieved 11' om host memory via a virtual buffer address 
accompan~ing the BIT-MAP-O instruction. The arra~ ciln be locilted 
in either the main or auxiliary display file segment. Arrays 01 
32 x 32, 64 x 64, 128 x 128 ilnd 256 x 256 pixels ilre hilndled. 
The pixels can be either 4 bits wide, packed four to alb-bit 
PDP-II memory word, or 8 bits wide, packed two to a word. The 
data word formats are shown in Figure 3-40. 

The source array can be moved directly to Image Memory, or can b. 
expanded, with or without smoothing (linear interpolation between 
pixel intensities), by a factor of 2, 4, or 8. Pixel data is 
loaded into Im~ge Memory beginning at the current X-V graphic 
position, first left to right, then up. Therefore, the source 
array must be organized with all dilta 'or the bottom line first, 
followed by all data 'or the second line, etc. 

When processing is complete, the X-V graphic position is located 
Just beyond the top right-hand corner of the resulting display. 
The graphic mode is not changed by the BIT-MAP-O instruction, 
since only one buffer address can accompany the instruction. 
Operation continues by retrieving the next ins~ruction in the 
main display file. 

The BIT-MAP-O instruction cannot be executed from a display 
subroutine (which implies that it cannot be executed from the 
auxiliary file segment). An ilttempt to circumvent this 
restriction results in a SEGUENCE ERROR stop. 

Figure 3-41 illustrates the BIT-MAP-O instruction and Table 3-37 
describes each bit in detail. 

Figure 3-42 illustrates the results 01 transferring four pixels 
from the source array into Image Memory, showing the elfects of 
expansion and smoothing. In the linear smoothing algorithm, 
calculated intensities of pixels are determined by either two 
known (source) pixels (if the pixel being calculated is on a 
horizontal or vertical line between the two known pixels) or four 
known pixels (i' the pixel being calculated is within the square 
d.'ined by the 'our known pixels). 
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FIRST WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
I I , , 

SRC MEM I I 

1 BIT MAP 0 PIXEL PIXEL SKIP X2 SM EXPAND RES FORMAT 
I I I I SIZE SIZE 

I 1 

SECOND WORD 

MRS073 

~~--~-- ,... ... 
"'~gur. "-".1 

BIT-HAP-O Instruction Format 
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1st 
Word 

Table 3-37 
BIT-MAP-O In5truction Bit De5cription~ 

Bit 

15 

14-10 

9 

8 

7 

• I 

Name 

Op-Code 

SRC 
PIXEL 
SIZE 

(Source 
Pixel 
Size) 

MEM 
PIXEL 
SIZE 

(Memory 
Pixel 
Size) 

SKIP 
(Skip 
Pixels) 

(M7064 
Rev. e or: 
ab ave. ) 1 

Description 

"I" indicates control word. 

"01110" indicates BIT-HAP-O 
Instruction op-code. 

Indicates how many bits of 
instensity/color d.fines a pixel 
<picture element) from the source 
arra~ : 

no" = 4-bit pixels (4/word) 

"l" - a-bit pixels (2/word) 

Indicates the pixel colorl 
inten5it~ resolution of the Image 
Memory (used during smoothing to 
round calculated pixel intensities 
to the proper precision). 

"0" - 4-bit pixel 
"l" - a-bit pixels 

[Note: Smoothing calculations are 
carried out to II-bit precision; 
rounding occurs only Just belore a 
pixel is written and not during 
intermediate steps 0' the 
calculation). 

Setting this bit causes pixels to 
be writt.n only into alternate 
Image Memor~ I ocat ions, 
effectively doubling the size of 
the image. No pixels are 
discarded. Rath er, the X and V 
coordinates are stepped bV 2 
pixel~ inst.ad of 1 when data is 
wri tten. 

For units with Version 1 microcode 
(M7064 circuit Rev. B or below), 
this bit shoul~ be set to O . 

~----- -------1----------- ---------------------------------~-~ 
(cont/d on next page) 
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1st 
Word 

Bit 

5 

4-3 

Table 3-37 (cont'd) 
BIT-MAP-O Instruction Bit D.scriptions 

X2 
(Doubl. 
Expansion) 

SM 
(Smoothing 
Enable) 

EXPAND 
(Expan

sion) 
(Scaling) 

Description 

S.tting this bit provide. an 
additional level 01 expansion 
(x2). Normallv used with 
Non-Interlaced displays to enabl. 
displav 09 all pixels. This bit 
could roughly be called a "5cr •• n 
resolution" bit, where 

"0" - full .creen o~ 512 
bV 512 pixels 

"1" - full screen of 512 
b." 256 pixels 

S.tting this bit c.u •• ~ an .rr.ij 
to be smoothed while it is 
expanded; [i. e., lin.ar 
interpolation is performed bV the 
DPU to calculate the intensitv of 
pixels written (from the source 
arrav)]. When this bit is 0, 
intermediate pixels of an expanded 
arrev are Just duplicates of the 
known pixels. Smoothing is carried 
out over the full expansion (bit 6 
together with bits 4 and 3). 

Used together ~ith bit 6 to define 
the factor bV which the source 
arrav is to be expanded. Expansion 
options are as follows: 

Exp.nsion 

o 0 0 xl(no expansion) 
o 0 1 x2 
o 1 0 14 
1 0 0 12 
1 0 1 14 
1 lOIS 
xli Reserved (causes 

Rsv'd OP error if 
EN RCH~==l; if 
EN RCH~=O, operates 
same as xl. 

1------ ------- -----------I---------------~--------------------I 
(cont'd on n.xt pag.) 
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1st 
WOl"d 

Bit 

1-0 

Table 3-37 (cont'd) 
BIT-MAP-O Instruction Bit Descriptions 

FI1T 
(Format) 

Description 

Reserved. I' .et, cause. RSVDOP 
error stop i' EN RCH~-1. Ignored i' EN RCHK=O. 

T~o-bit code 5peci'~ing the 'or •• t 0' source data arra~ to be acted 
upon by the DPU: 

00 - 32 x 32 pixel arrav 
01 - 64 x 64 pixel array 
10 - l~B x 12B pix.1 .rra~ 
11 - 256 x 2~6 pixel arra~ 

~----- ------- ----------- ---------------------------~---~----
2nd 
Word 

15-01 

o SEQ 
(Segment 

Select)' , 

Sp.ci'ies the 
the start 0' 
array. 

virtual addr •• s 0' 
the source data 

"0" - array i. in M.in .egment 
"1" - arrav i. in Auxiliar~ 

segment. 
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I 

A. 

C 

C 

A 

A 

C. 

7A+C 

A -

A 

NOTE: 

B A 

• • • 
0 C 

• • • SOURCE ARRAY IN 
HOST MEMORY 

• • • 
C 0 

C 0 

A B 

A B 

EXPANSION X 2 WITH 
NO SMOOTHING 

0 

0 

••• 
B 

B 

7A+C+7B+0 

16

h =t 49A+~+7B+D 
7A+B 6A+2B 5A+38 4A+48 -- -- --- --

8 8 8 8 

• • • 
C 0 

••• 
A B 

B. NO EXPANSION 

• • • 
x X X X 

C+D 
X C -- 0 

2 

A+C A+B+C+O B+O -- -- X 
2 4 2 

A+B 
A -- B X 

2 

"X" INDICATES INTENSITY BASED IN 
PART UPON THE NEXT ELEMENT OF 
SOURCE ARRAY. 

D. EXPANSION X 2 WITH SMOOTHING 

7A+C:9B+70 ~ I h 7B+0 

G 

3A+58 2A+6B A+78 -- -- -- 8 
8 8 8 

E. EXPANSION X 8 WITH SMOOTHING 

A, B, C, AND D ARE PIXEL INTENSITIES FROM THE SOURCE ARRAY. 

MR·5074 

Figur. 3-42 
BIT-HAP-O Pix.l Tr8ns'.r EX8mpl.s 
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3.5.3.2 BIT-MAP-l-

The BIT-HAP-1 instruction trana'ers a atring 09 pixels 'ro. hoat 
memory -into sequential horizontal locations in Image MemorV (le9t 
to right). Up to '12 pixels (one horizontal scan line> can be 
tran5'erred with one BIT-MAP-1 instruction. Both 0' the data 
'ormats sho~n in Figure 3-40 are handled. Pixel transfer into 
Image Memorv include. and proceeds froM the current graphic 
position. 

A. shown in Figure 3-43 and Table 3-38, BIT-HAP-l is a two-word 
instruction. The first word speci9ies BIT-HAP-1 with the Op-Code 
in bits 14-10. Bit 9 speci'ies the format 0' the source data. 
Bits 8-0 specif~ the number of pixels to be transferredJ • zero 
in this 'ield specifies that 512 pixels are to be trans'erred. 
The second word specifies the starting address in host memory 0' 
the source pixel string: bits 15-1 specify the virtual word 
address and bit 0 selects the display 'ile segment. 

After e.ch pixel is transferred, the X position is stapped bV one 
pixel (b~ 2 in the 1024-point-re.olution coordinate scheme>. 
There'ore, the final X coordinate (in DXR) is equal to the 
starting X coordinate plus twice the pixel count. Not. that the 
Y position is never modified by the BIT-HAP-1 instruction. 

FIRST WORD 
15 14 

SECOND WORD 

'5 14 

13 12 11 10 09 08 07 06 05 04 03 

13 12 

SPS 

11 , 0 09 08 07 06 05 04 03 

Figure 3-43 
BIT-HAP-1 Instruction Format 
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1st 
Word 

2nd 
Word 

Table 3-38 
BIT-MAP-l Instruction Field Definitions 

Bit 

15 

14-10 

8-0 

15-1 

o 

SPS 
(Source 
Pix.l 
Siz.) 

PIXEL COUNT 

Data 
Bu~fer 
Address 

SEQ 
(Segm.nt 
Select) 

"1" indicates Control word. 

"01111" sp.cifie. BIT-MAP 1 
instruction. 

Indicate. how ~anu bit. 0' 
intensity/color define. a 
pixel (picture element): 

"0" - 4 bit pixela (4/word) 

"1" - 8 bit pixels (2/word) 

Specifies the number of 
pixels ~hich .ill be 
.ritten into Im.ge Memory. 
CA· 0 in this field 
specifies _ count of 1000 
octal [512 pixels]. 

Specifies the virtual 
address of the sourc. 
buffer. Cont.ins • 15 bit 
number which, when added to 
the shifted "Relocate 
Register" of the selected 
segment, gives an 18 bit, 

i LSI-l1 Bus address 
specifying the start 
location of pixel data. 

SEQ-O .pecifies that 
BIT-MAP source data is in 
the . Main d i sp lav-fi 1 e 
segment; SEQ-l .pecifi •• 
that data i. in the· 
auxiliarv .egment. 
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Th. DHA Pix.l R.adback inst~uction, illustrated in Figu~. 3-44 
and desc~ibed in Table 3-39, caus.s .. ~ectangul.r a~e. 0' I.age 
H.~orv to b. re.d into host CPU memory in Bit-Hap d~ta form.t. 
R •• ding proceeds line bV line, either bottom-to-top or 
top-to-bottom. Either 0' the Bit-M~p d.ta formats sho~n in 
Figur~ 3-40 c~n be selected. 

As sho~n in Figur. 3-44, the instruction has t~o 'orms: a START 
configuration and a RESTART con'iguration. The START 
configuration is a five-word instruction used to initiate the 
reading 0' a rectangular arr~y 0' pixels, starting at the current 
x-v graphic position. The 'irst word 0' the instruction 
speci'ies the DMA Pixel Readback op-cod. in bits 14-10. Bit 9 
selects the 'ormat to be used 'or storing the pixel data in host 
memorv. Bits 7 and 6 spRci'V the action to be taken with resp.ct 
to the Y posit10n when a read 0' one hor1zontal line 0' the 
source rectangle 1s completel V can be stepped e1ther up or down 
bV one or two pixels. Bits 2 and 1 sel.ct ~ mask to be ~ppli.d 
to the pixel data received 'rom Image Memory so that unused data 
bits can be cleared. Bi~ 0 0' the 'irst instruction word 
determin.. whether the instruction is ~ START (bit 0 = 0) Dr 
RESTART (b itO = 1 >. 

In the START configuration, the second and third instruction 
words specifv the width (in number of pix.ls) and height (number 0' lines) of the rectangular area, respectivelv. -. fou~th wo~d 
specifies the maximum numbe~ 0' 16-bit wo~d. to QR t~ansfe~red 
into host memo~tj. The fifth inst~uction wo,..d contains the 
virtual address of the buffe~ in host m.mo~v to receive pixel 
data; bit 0 selects the segment. 

an a START, the inst~uction wo,..d i. stored in DSR and th. cu,..,..ent 
graphic X position and the width and height parameters a~e saved 
in internal Displatj Processo,.. registe,..s. Transfer 0' pixels ',..om 
Image Hemorv to host memo,..v then proceeds until (1) the numbe,.. of 
pixels speci'ied btj the width and height parameters have been 
transferred, or (2) the word count expires (decrements to 0), In 
the 'irst case, display processing stops ~ith the o~iginal 

inst,..uction ('irst word) in the DSR register, with bit 0 clear 
(0)' In the latter case, PrOC ess1 ng stop s wi th b 1 t .0 0' DSR set 
(1). In both cases, the Displav Program Counter (DPC) contains 
the address of the word following the l •• t data word stored. 
[With Version 2 microcode in the DPU, H7064 module Rev. C o~ 
above, i' bit 5 0' the 'irst instruction word is set, the displ.y 
program will continue with the instruction 'ollowing the DHA 
Pixel Readback instruction if all pixels speciPied have been read 
be'ore the Word Count expire-so J 

The RESTART instruction is • 3-word instruction used to continue 
the reading 0' pixels within the same rectangle est.blished by 
the START instruction, using the stored width and height 
param.ters. Reading proceed~ 9rom the current position. The 
original X position, saved by the START. and the count of the 
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number 0' pilels remaining in the r.ctangl •• remain intact. 
Bec~use the RESTART instruction depends upon .ever~l par~meters 

stored intern.llv, no other tvpe 0' di.plav processing mu.t be 
performed bet~e.n the time a DHA Re.db.ck atops and the time • 
RESTART is issued. Furthermore, the Resume operation (writing a 
1 into bit 0 09 the OPC) cannot be us.d .ft.r a DHA Re.dback, 
sine. DPC contain. • bufl.r address .nd not the .ddre •• 09 the 
loc.tion 90llo~ing the DHA Re.dback. 

The RESTART instruction allo~s a large rect.ngul.r are. 09 the 
screen to be h~ndled in blocks 09 d.t. supported bV other 
device., .uch •• disk or .agtape. In .uch c •••• , the Word Count 
p.rameter ~ould b. set to th. size 0' di.k or •• gtape block to be 
h.ndled, using .5 many RESTARTS 8. re~uired to re.d all 0' the 
re~uired pixel •. 

The "edge detection" logic in the image .e.ories does not oper~te 
during pixel re~db.ck. There90re, re.ding i. per'ormed .t 
coordin.tes modulo the vi.ible screen size (~r.p.round occurs>. 
AI.o, only image memories that .re in Write-only Dr Re.d/Writ. 
mode can be read. 
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FIRST WORD 
15 - 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I I I I DMA 
, 

STRTI 
y 

1 DMA PIXEL READBACK FMT PIX SKIP 
OWN 

RESERVED MASK 

I J ~ J RB 1 I 1 

SECOND WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

ARE~ WID~H IN PI:XELS : 

THIRD WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

ARE~ HEIG~T IN ~INES 

FOURTH WORD 
15 14 13 12 11 10 09 08 07 06 as 04 03 02 01 00 

~DRD:COUN~ 
FIFTH WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

:BUFF~R AD~RESS I SEG I 
FIRST WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
I I I I DMA y 

, , 
RE 

1 DMA PIXEL READBACK FMT PIX SKIP 
OWN 

RESERVED MASK 
STRT 

I I I I RB I I I 

SECOND WORD 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

: :WORD :COUN~ 
THIRD WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

: BUFF:ER AD~RESS: I SEG I 
MR·5076 

Figur. 3-44 
DMA Pixel R •• db.ck Instruction Format 
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Table 3-39 
DHA Pixel Re.dback Instruction Bit Definitions 

Bit 
I -
• ______ ~ ______ -L ____________ ~-------------------------------------

I 
1st 
Word 

I . 

15 r 
I , 

14-10, lOp-Code 
B r 

7 

6 

5 

SKIP 

V DOWN 

CDNT 
(Continue) 

[117064 
Rev. C or 
above. ] 

1 indicates Control word. 

DHA Pixel Re.db.ck instruction 
Op-Code. 

"0" 
four 
word. 

specifies data 
4-bit pixels 

to be .tored 
per 16- bit 

"1" specifies data to be stored 
t~o a-bit pixel. per 16- bit ~ord. 

110" specifies that the V position 
steps bV 2 (1 pixel) upon 
completion of horizontal line. 

"1" speci'ies that the V position 
steps bV 4 (2 pixels) upon 
completion of horizontal line 
(u •• d for re.ding Non-Interlaced 
memor,,) . 

"0" specifies that the V position 
is to be stepped up (incremented) 
after completion of .. horizontal 
line. 

"1" specifies that the V position 
i. to be stepped down 
(decremented) .fter completion of 
a horizontal line. 

If 0, proces.ing .l~ays stops if 
either the Word Count expires or 
the entire arra" has been read. If 
1, processing will stop onlv if 
the entire arrav is not read 
be'ore the Word Count expires. 

[For H7064 
below, this 
coded .s O. ] 

modules Rev. B or 
bit should always be 

1------ -------1-----------:-------------·-----------------------
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, 
J 
I 

1st 
Word 

2nd 
Word 

1------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T.bl. 3-39 (cant/d) 
DHA Pil.l R.adback In.truction Bit D.'inition. 

Bit 

4-3 

2-1 HASK 

o RESTART 

I D •• cription 
I , 
I R ••• rv.d. Must a1~a~. b. ~"'itt.n 
I to O. 
I 
I Sp.cifie. a m.sk to b. AND.d ~ith 
I image m.mor~ d.t. befor. it i. 
I packed into word., allowing unused 
memor~ bus bits to be masked 0". 
The mask is .elected as follows: 

No. DBUS 
09 Pix.l M •• k 

~ Bil..I. V·lue 

o 0 2 1400 
o 1 4 1700 
1 0 b 1760 
1 1 8 1774 

NOTE: The m •• ks for o-and B- bit 
pil.1s should not be i •• u.d when 
the FORHAT bit is O. 

"0" specifies a DHA R •• dback 
START, indicating • S-word 
instruction. 

"1" specifies • DHA Readback 
RESTART, indicating • 3-word 
instruction. The entire first: 
instruction word must match the I 
current contents of the DSR I 
regist.r or else S.~u.nce Error I 

I stop is taken. I 

------- -----------I-------------------------------~----I 
15-0 WIDTH I Specifies' the width, in nUMber of I 

I pix.1s1 of the image m.mor~ area I 
to be r.ad. V.1u.. of 1-512 
produc. r •• son.bl. r •• ults. Valu •• I 
gr.at.,.. than 512 will cau •• 50m. 1 
pixel. to b. r •• d more than once, I 
.inc. wraparound of the visible I 

I .r •• occurs. I 

-------1-----------1------------------------------------I 
(cont'd on nelt p.g.) 
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31'd 
Word 

Table 3-39 (cont/d) 
DHA Pixel Readback Instruction Bit De~initions 

Bit Name 

15-0 HEIQHT 

Description 

Specifies the height, in number of 
pixelsi of the Image H.mor~ area 
to be read. Value. 0' 1-512 
produce rea.onable results. Values 
greater than 512 will cause some 
lines to be read more than once, 
since wraparound of the visible 
are. occurs. 

------ ------- ----------- --------------~---------------------
4th 
Word 

15 Reserved. Should always be coded 
8S O. 

14-0 WORD This field specifies the number of 
COUNT Ib-bit words to be written into 

: host CPU memory. ie. I the Word 
I Count speci~i.s the size of the 
t destin.tion bu~f.r. 

------ ------- -----------1------------------------------------
5th 
Word 

15-1 

o 

BUFFER 
ADDRESS 

. SEQ 
(Segment 
Select) 

Specifies the virtual address o~ 
the area in host CPU memor~ where 
the pixel data words are to be 
deposited. 

Specifies the displav file segment 
containing the destination bu~~er: 

"1" = Buf'er is in Auxiliary 
Segment 

______ ~ ____________________ ~ _______________________________________ i 
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3.6 HOST MEMORY DISPLAY FILE HAKE-UP 

Th. diaplav 'il. can b. d.9ined aa the aum total 09 all 
insfruction. (Cont~ol. Q~aphic and Data) .to~ed in the CPU ••• o~v 
to diaplav an i.age on the .vste. monito~. The.. in.t~uction. 
a~. plac.d in con.ecutiv. m.morv location. and .~. auto.atic.llV 
f.tch.d bV the VSV11/VSll Di.pl." P~oc.a.o~ through DMA ~eque.t •. 

The di.pla" file .ake-up i. the •••• 'Dr LSI-II (VaVl1 .".t ••• ) 
o~ PDP-II (VSll a"at ••• ) ••• o~iea. In at~uctu~ing 0' • di.pl." 
9ile. the uaual sequence 0' inst~uctiona ia: 

1. Cont~ol Inatructions - thlPslP instructions include S.t 
Cha~acte~ Bas., ~UMP, DNOP/POP, and the Load Statu. 
inat~uctiona. G.ne~allv. the VSVI1/VSll ."st.. i. 
conditionlPd ( •• t the Di.pla" Proce5so~ to atop and 
interrupt, set-up the memory Read/Write mode and S~itch 
bit, etc.) with these instructions. 

2. Qraphic Hade Instructions - these inst~uction5 set the 
g~aphic mod. (Character mode, Vector mod., 
graph/Histogram ",ode, etc.) and set the intensit"/color 
of the displayed pix.l information. 

3. Qraphic Data Instruction. - the.e in.tructions conve" 
the data to be displayed in a particular g~aphic aod •. 

An example of a short, aimple display file is as ~ollowa: 

Notation Octal M.chin' ~ Inst~uctipn 

WRT CHO 176030 Load Status Regi.t.~ C 

APNT 

0, 0 

LVEC+ 
PIX 

I, 511 

o 

I, 0 
479 

1,-511 

o 

1,0 

114000 

0, 0 

113777 

41776 

o 

40000 
1676 

61776 

40000 

(.et memor" 0 to Writ. mod., 
.nable Switch) 

Point Hode (Absolute) 

Point Mode Data 

Long Vector Mode, 
Set all Intensitv bit. 

Vector Hode Data 1st Word 

Vector Med. Data 2nd Word 

Vector Mode Dat. 1st Word 
Vector Mode D,ta 2nd Word 

Vector Hode Oat. 1.t Wo~d 

o Vector Hode D.t. 2nd Word 

Vector Mode Dat. 1.t Word 
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479 ~1676 Vector Mod. D~ta 2nd Word 

SWITCH 170200 Load St~tU5 Register A 

STOP 172000 Load Status Register A 

This program will produc. an image oP • r.ctangle on the syst.m 
monitor. The first instruction (176030) selects Image Memory 
channel zero, selects the Write mode for the Image Memory, and 
sets the Switch Enable bit fot the memory. Instruction 114000 
sets the Absolute Point mode. The point mode instruction plac.s 
the system monitor pixel position within the viewable area 0' the 
CRT, in this example the lower le,t corner as specified by the 
point mode data word (0,0). Because the point mode data word 
cont~in5 ~ zero in bit 14 (IntenSity), the pixel position will 
not be visible on the system monitor. 

Next, the Long Vector mode (113777) is used to produce the 
vectors re~uired to draw a rectangle. The 113777 instruction 
sets the long vector mode, enables the speciPied intensity, and 
sets the pixel int.nsity imaximum in this ex~mple). Long vector 
mode is 90llowed by 'our pairs (first and aecond words) of data 
words for the Long V.ctor mode. These data words specify the X 
and Y coordinates of vectors which produce the displayed 
rectangle. The x coordinate (contained in the first data word) 
is ~lways the ,irst to be specified; this is 'ollowed by the Y 
coordinate (second data word). The notation indicates that the 
sides 0' the rectangle are 512 unit. (0-479) and 480 units 
(0-479) in length. This is the maximum size 0' a rectangle that 
can be displayed on the VSV11/VSli system monitor at 60 Hz. 
Because the coordinate system used in VSVII/VSll system is 
'ormatted 'or a maximum display resolution 0' 1024 units, the 
vector data words 90r the 479 X and V coordinates (41776, 1676, 
61776, 21676) are written specifying coordinates 0' 1024. The 
VSVI1/VSli Display Processor divides 1024 by two to produce the 
512 (0-511) coordinates. 

The first Load Status A instruction (170200) sets the Switch bit 
which was previously enabl.d with the Load Status C instruction. 
When th. Load Status A instruction i·s proc.ssed, the Image Memory 
automatically switches from the Write mode (Display Processor 
writing to the memory) to the Read mode (Image Memory contents 
read to system monitor). This allows the contents of the Image 
Memory to be displayed on the system monitor. 

The last instruction is a STOP instruction (172000). Stop is 
programmed with. Load Status A instruction by setting bit 10 of 
the instruction. Since only bit 10 has been set, the display 
will stop without generating an interrupt to the CPU. 

The only things not speci'ied in the example program are the 
memory locations where the program is stored. Sequential memory 
locations are assigned to the program instructions starting with 
the first instruction (176030), Once the program has been 
.ssigned locations, the address of th. 9ir£t location is 
transferred to the VSVI1/VS11 DPe to start execution. 
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CHAPTER 4 

M7064 DISPLAY PROCESSOR TECHNICAL DESCRIPTION 

4. 1 INTRODUCTION 

The M7064 is a ~uad-height module used in the VSV11/VS11 system 
as the Display Processor (abbreviated DP>. It resides on the 
host CPU:s LSI-!! Bus (implemented with a DW!! UNIBUS to LSI-i1 
Bus Converter for UNIBUS 5~stems) ~nd functions as the inter~ace 
between the host CPU, the memorq and the other VSV11 components 
(Image Memories, Sync Generator/Cursor Control modules>. 

The Display Processor has four ~ddressable registers in the I/O 
address page o~ the LSI-11 Bus. This allows the host CPU to have 
direct "device driver" level control over the VSVll/VS11 systam. 
User-level control, ror displays, is provided by instructions 
rrom a d~splay file located in host CPU memory. These display 
file instructions are fetched automaticall~ by the DP via Direct 
Memory Access (DMA) bus requests and actually write the data into 
th e Imag e Memory to .. draw" pic tur es on the screen. A ROM 
controlled, microprogrammed microproc&ssor within the DP 
interprets the displav instructions to produce short vectors, 
Ion 9 ve c tor s, 9 rap h p lot s , poi n t san d .. bit ma pili ma 9 e son the 
system monitor. Di~play instructions also control the Image 
Memories and the Sync Generator/Cursor Control modules. The 
dis p I a yin s t r u c t ion set, a s we 1 1 a s I lOr \! 9 i s t e r pro g r a mm i n 9 , i 5 

covered in Chapter 3. The 901lowing paragr~phs discuss the M7064 
hardware structure, it~ operation and interfacing to the other 
s~stem components, and some or the microprogrammed sequences 
implemented. It is assumed that the reader is familiar with the 
theor~ of operation of the LSI-l1 Bus. 

4.2 GENERAL DESCRIPTION 

Figure 4-1 is a basic block diagram of the Display Processor. 
There are rour major sections within the DP: 

1. LSI-1i Bus Interface: Consists of the standard LSI-l1 
family or bus interface integrated circuits ror handling 
d a t a , i n t e T Y' U P t r e ct u • s t s , and DMA r e Q. U est s . 



2. Bit-Blice Microprocessor Data Paths: The Microprocessor 
Dat. Path is constructed around 'our 4-bit slice 2901A 
integrated circuits. The circuit. provide 16-bit data 
manipulation 'or arithmetic. logical 'unction.. and 
storage (seventeen 16-bit registers). Augmenting the 
basic data path is a Scr~tchp.d RAM th.t provide. 16 
words by 16 bits 0' additional storage. 

3. Data Bu~ (DBUS) Interface: Consists 0' drivers and 
receivers for the flat-cable bu~ connecting the DP to 
the Image Memories and Sync Qenerators. U.ing the DBUS. 
the OP transmits X and V coordinates and pixel data to 
the Image Memories. Control in'ormation is also 
transmitted into the Memorv and Svnc (Jovstick and 
cursor) control regi.ters. The DP receives information 
'rom the Image Memory and Sync modul.s as pixel data 
from a specified memory location and cursor coordinat •• 
from the currently active svnc module. The DB US 
Interface contains a control register that a110~s the 
microprogram to access a particular Sync or Memory 
reg i ster. 

4. Control ROM and Se~uencer: All the operations of the DP 
are under the control 0' the microprogram stored in the 
Control ROM (Read-Only M.mor~). The microwo-ds stored 
in the ROM are 64 bits wide and contain the fi.ld bits 
which cont.rol the other elements 0' thi' DP. such as the 
LSI-II Bus Inter'ace. Microproc.ssor Di'a Path, and DBUB 
Interface. Assuciated with the ROM is a ge~uencer 
circvlt that suppli.s the address of the next microword 
to be executed. Th. Se~uencer is under control 0' the 
'iel~~ within the microword and can be programmed to 
execute se~uential microwords. Jumps. subroutine calls, 
and subroutine return~. The output of. the ROM does not 
go directly to the oth.r DP elements. The ROM outp"t is 
clocked into a Pipeline Register, which in turn controls 
the other DP elements. This pip.lined structure 
maximizes performance by allowing one microword to be 
executed while the next one is being fetched. 

Within the DP. the maJor elements communicate using two internal 
buses: the Data/Address Lines (DAL Bus), corresponding to the 
BDAL 1 in.s 0' the LSI-11 Bus, and the SRC Bus wh ich "sourc ..... the 
data used by the 2901A elements. Data being transmitted via the 
LSI-II Bus 01' DBUS is produced in the 290IA and is gated onto the 
DAL bus to the respective element. The DAL bus can .1ao c.~~V 
the data received from the LSI-I1 Bus BDAL lines. This data is 
normallv stored in the Scratchpad R~M 'or subsequent transmission 
( 0 v er the SRC bus) tot h • 2901 A 5. The SRC bus car r i e s d a t a '1' 0 m 
the Scratchpad RAM. the DBUS receivers. and the EMIT field of the 
microword. The EMIT field allows 16-bit data constants to be 
received bV the 2901As 901' use as count values, masks, or 
microprogram addresses. Th. SRC bus is also used to provide a 
calculated microprogram addr.~~ 'or th. 2909 Seauencer. This 
allows great flexibility in the microprogram 'low. . 
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lSI-ll 
BUS 
INTERFACE 

SJ. ADDRESS <10:00> 

CONTROL ROM 

EM!T 
<15:00> 

SEQUENCER 
(2909) 

CONTROL FOR 
All FUNCTIONS 

<11:00> 

<15> 
<1:0> 

SOURCE BUS <15:00> H 

i6-BiT 
2901A 

SJ. PROCESSOR 
ARRAY 

.... -----... 

16X16 
SCRATCHPAD 
RAM 

r----
t 
I 

I 
I 
• nBtlC' 

: ~NTvEwRFACE 

DBUS 
DRIVERS 

---, 

I 

I 
I 

I 
I 
I 
I L __ _ ___ J 

DAl <15:00> H 

Figu,.e 4-1 
Displ.~ p,.ocessor Basic Block Diag,.a. 

4.3 FUNCTIONAL DESCRIPTION 

TO/FROM 
IMAGE 
MEMORY 

& 
SYNC. BD. 

MR·5343 

The 'ollowing p.ragraphs contain a general 'unction.l description 0' the .aJo" hardw.re s.ctions within the DP. Each section is 
.xpanded and discussed in ter.s 0' it, detailed block diagram and 
the speci'ic 'unction. it p.,.'o,.... It must be k.pt in .ind that 
.11 sections 0' the Di,pl.~ p,.oce,sor must 'unction together 
under dir.ction of the .icroprogr •• in order to implement the 
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ove~.ll DP functionalit~. None o~ the sections functions 
individua1lv. Therefore, where n.cessarv the section's 
interaction with the oth.rs is includ.d in the discussion. The 
si~pli'ied microprogram "overvie~" flo~chart and discussion in 
Paragraph 4.4 c.n be re'erenced ~hen mic~oprogram control of the 
various .l.ments is discuss.d. 

4.3. I LSI-II Bus Interface 

The LSI-II Bus Interfac. section provid.s the interface b.twe.n 
the LSI-II Bus, the host CPU and its memorV' and the entire VSV11 
di.pl.V system. Under control of the microprogram in the DP 
Control ROM, the inter'.c. m.k.. LSI-II Bus re~u.sts for 
inter~upt. and DMA transfer.. It .150 re.pond. to p~ogr.mmed 110 
accesses to addr.s... ~ithin it. d.vic. r.gister range, and 
handl •• the data transferred bet~een the ho.t CPU and it. memory, 
.nd the int.~nal OP registers. 

Oata transf.r. bet~een the host CPU and the DP are termed 
programmed-lID transfers. That is, the ho.t CPU can read and 
writ. the OP Displav Program Counter (OPC, bus address 771110), 
the Di.pla~ Status Register (OSR, bus addr •• s 771112), and the X 
and V Statu. Regist.rs (OXR and OVR, bus .ddr..... 77xI14 .nd 
77x116, respectivel~). However, unlike many LSI-II Bus devices, 
the.e regi.ters are not implemented with discrete h.rdware 
interfaced directly to the LSI-II Bus. Rather the.e registers 
are ".oft" regi.ters, ~ith actu.l d.ta .torage ~ lplemented ~ithin 
the general ~tructure of the microproce.sor d.t. paths and 
functionality totallv d.fin.d bV the microprogram itself. Th. 
LSI-II Bus Interface merelv provides the path bet~een thes. 
internal regi.ters and the LSI-II Bus. 

Figure 4-2 i. a detailed block diagr.m of the LSI-II Bus 
interface. The Transceiv.rs/Oevice Address Selector/Vector 
Addre.s Qen.r.to~ (DC005), the Interrupt Logic (DC003), the 
Protocol Logic (DC004), and the DMA Control logic (DCOI0) are all. 
standard LSI-II-Family interface integrated circuits. Th •• e ar. 
d •• cribed in the Micrgcomputer Interfaces Handbook. 

Most of the control signal. for the LSI-II Bus interface .r. 
supplied from the OBUS Control Regist.r. Th.se ar. loaded frOM 
the general-purpose EMIT field 0' the microword. The GBUS 
Control Regi.ter contains bits to enable the driv.rs onto the 
LSI-II Bus BDAL lines, re~u.st interrupt. and DMA mastership, and 
provide .ignals re~uired bV LSI-II Bus protocol rule. for DHA 
data transactions. Also provided by the micro~ord are thr •• 
Strobe pulses (to handl. th. STALL flip-flop and initializing 09 
the DC010) and an .nabl. fo~ gating the rec.iv.d LSI-ll BDAL 
lin.s onto th. int.~n.l DAL bu •. 
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4.3. 1. 1 Progr~mmed-I/O Tr~ns'ers -

As mentioned previousl~, the Displav Processor implements 'our 
"so,t" addressable device register. on the LSI-11 Bus. The.e 
registers (DPC, DSR, DXR, and DYR) ~r. 'ound at the g.n.ral 
.ddr..... 171110 through 171116 in the LSI-11 Bus 110 pag.. Th. 
location of this block can be ch.nged vi. the Devic. Addres. 
Selection switches connected to the DCOO5 Tr~nsceiver/D.cod.r 
circuit •. 

Acce •• to the registers is m.aning9ul onl~ when the Displa~ 
Processor i. in the Idle state. since it i. the microprogram that 
must implement the actual regi.ter response. In t~e Idle state, 
the DP microprogram is not BusV getching, interpreting and 
executing display file instructions. When the DP is BusV' the 
microprogram enables the bus interface to produce _ Replv 
response on the LSI-l1 Bus in response to an attempted access, 
but no data is read or written. 

The Idle state is entered initiallv after the Display Proce.sor 
is powered up. During power-up, or a RESET instruction executed 
in the host CPU, BINIT L i. present on the LSI-l1 Bus and is 
received by the DP (DC003 circuit). 

The BINIT L (initialize) .ignal force. the microprogram Se~uencer 
to .et the microprogram Control ROM to address zero. When BINIT 
L negates, the microprogram begins the elecutio~ of a st~rtup 
routine at address zero. The startup routine 10. "S most internal 
registers in the 2901A and Scratchpad RAM to a known state, 
usually zero, per'orms a self-te.t on DBUS data and st.tus lines, 
and self-tests some backplane Video Bus status signals. It also 
sets all Image Memories to the Write-Only mode, clears them to 
zero, and clears the Switch, Match, and erosshair enable bits in 
all Sync module ~oystick Status registers. Following the startup 
se~uenc., the microprogram proceeds to the Idle-Stop sequence and 
prepare. for entry into the Idle state by clearing the "STALL" 
flip-flop. After STALL is clearltd, causing all respons.s for 
regi.ter accesses to be blocked until handled bV the 
microprogram, the microprogram proceeds to the Idle Loop and 
awaits a register access by the host CPU. 

Assuming that the host CPU is going to write (DATO) to the DP 
Displav Program Counter (DPC) register, the CPU places the DPe 
address (17xxxO) onto the LSI-l1 Bus SDAL lin •• , asserts SBS7 
(Bank Select 7, .peci9ying the 110 page), .nd assert. SDOUT Land 
BSYNC L. The DP rltc.ives and decodes the DPC ~ddress in the 
DC005 circuits. (Device address decoding is set up by the Device 
Address Selection switches as explained in Chapter 2.) IF the 
incoming address (bits 15--03) matches the address set up in the 
Device Addre •• Selection s~itches, the Device Address Selector 
produce. the DEV ADDR signal. DEV ADDR i. strobed into the 
Protocol logic by SYNC, ~hich in turn produces REPLY. If the DP 
i. Idle, the STALL flip-Flop will be clear and REPLY will not be 
returned to the LSI-ll Bus. The strobing in 09 DEV ADDR .nables 
the Protocol logic to decode bits DAL Ou, 01. and 02 of the 
address. In turn, the Protocol logic produces SEL 0 which causea 
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the Control ROM to select the DP Displav Program Counter for 
~cc.ss. Not. th~t in the Idle Loop, the microprogram is 
continualiv gating the LSI-II BDAl lin.s onto the int.rn.l DAL 
bus to allow the Protocol logic to prop.rlv d.code the .ddr •••. 

Th. host CPU now remov.s the regist.r .ddr ••• 'rom the LSI-II Bu. 
and a.serts the data to be writt.n into DPC (which is implement.d 
•• on. 0' the r.gist.rs in the 2901A bit-slic. arrav). The 
microprogram .nable. this data onto the int.rnal DAL bus .nd then 
loads it into the HBUF regist.r in the Scratchpad RAM (Figure 
4-1). From HBUF, the data is gated onto the internal SRC bus and 
is .ub5e~uentlv lo.~ed into the Q-Regi.t.r 0' the 2901A, • 
temporarv holding register. 

Alter the data is taken, the microprogram sets the STALL 
'lip-flop to allow the REPLY signal to pa •• to the LSI-II Bus as 
BRPlY L. When the CPU rec.ive. BRPLY, it removes the data from 
the BDAL line. and n.gates BDOUT. This causes REPLY and hence 
BRPLV to b. n.gated. When BRPLY n.gat •• , the CPU n.gat.. BSYNC 
to complete the DATO cvcle. 

B.c~us. the DPC r.gister was written, the .icroprogram .nters its 
WRTDPC routine to b.gin displav file processing. The STALL 
'lip-'lop is allowed to re.ain set so that subsequent register 
accesses will elicit a re.ponse Irom the DP. The DP is now 
considered to be in the Busy .tat. and will not allow the 
internal registers to be read or writt.n. Bit 00 of the data in 
the O-Register is tested. If it i. a zero, a Start sequence is 
specified bV the CPU, 50 the microprogram transfers the cont.nt. 
01 the ~-R.gister to the internal DPC r.gi.ter and establishes • 
new displav-'il. starting .ddr.... II bit 00 0' the Q-Register 
is a one, a Resume sequence is indicat.d; the int.rnal DPe 
register remains intact and di.play-lil. proc.ssing continues .t 
that .ddr.ss. 

A DATI (Data-In) cycle occurs when the ho.t CPU r.ads on. 01 the 
d.vic. r.gist.r locationA (DPe: DBR: DXR; or DYR). Assuming the 
Displav Program Counter (DPC) i. to be r.ad, the ho.t CPU place. 
the .ddress of the DPC on the BDAL lines, asserts BBS7, and 
asserts BSYNC L. The D.vice Address S.lector CDC005) compares 
the incoming address to the device address s.lected bV the D.vic. 
Address S.lection switch... If the .ddr •••• s match, the D.vice 
Address S.lector produces a high DEV ADDR to enable the Protocol 
logic. SYNC strobes DEV ADDR into the Protocol logic. The 
Protocol logic now decode. DAL bits 00, 01, and 02 to determine 
the register selected. For the DPe, the d.code of DAL 00, 01, 
and 02 causes the Protocol logic to .nable SEL 0, which the 
microprogram t.st. to .elect the DPC. The host CPU now removes 
the DPC .ddre.s frOM the BDAL line. and .sserts BDIN. BDIN 
enables DATA IN and causes the Protocol logic to produce IN WD. 
(Th. state 01 IN WD is t •• ted bV the ROM program to determine DP 
op.rations. ) Th. DP then places the contents 0' the DPC on the 
SDAL line. (via the intern.l DAL bu.) and a.serts BRPLV bV 
setting STALL. Wh.n the host CPU accept. the DPC data it negat •• 
BDIN. Thi. is 'ollowed by the DP neg_ting BREPLV (bV cle.ring 
STALL), thus completing the DATI bu. cycle. 
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During the'I/D transfer ela.p1e. presented, only the Di.pla, 
PrograM Counter ~as di.cu.sed. The process of ~riting or reading 
the DBA, DXR or DVA registers is .imilar to that described for 
the -DPC. Ho~ever, the Protocol logic enable. diflerent BEL 
outpuj,s lor the DSR, DXR or DVR register.. BEL 02 results fro. 
d.coding the DSR addre.. (171112); BEL 04 L is for the DXR 
register (171114), and a negated condition 0' SEL 0, SEL 2 and 
SEL 4 is 'or the DVR regi.ter (1711Ib). 

Also, the DP is a ~ord machine. That ia, all trans'ers to/lro. 
the DP are ~ord trans'ers with ev.n-numb.red byte addr...... If 
the DP receives a DATA-OUT-BVTE ~rite cycl., a 'ull ~ord will be 
~ri tten. 

All address and data trans'ers p •• s though the DP's Tran.c.iver 
circuits (DC003>' The Transceivers are enabled to gate LSI-11 
Bus address/data in'ormation onto the internal DAL bu. (DAL 
(15:00> H) ~h.n the REC TO DAL H signal 'rOM the microprogram RDM 
i. high. When the TXMIT bit in the OBUS Control Regi.t.r (loaded 
from the micro~ord EMIT field) i. set, it enable. the internal 
DAL address/data in'ormation (produc.d by the 2901A ele.ents) to 
be gated onto the LSI-II Bus BDAL lines. When the REC TO DAL 
signal is low, the Transceiver. cannot pa.s LSI-11 Bua 
information onto the internal DAL bus, allowing that bus to be 
used for transferring data from the 2901As to the Scratchpad RAM 
andlor DBUS interface. When the microprogr.am is in ita Idle 
loop, it continually assert. REC TO DAL to allow LSI-11 Bu. 
addre.. information to pa5. onto the internal D ..... bu., aince DAL 
bits 02-00 are used by the Protocol circuit to decode the 
specific regi.ter .ddr.... When the microprogr •• i. in the Bu., 
state, it allows the STALL flip-flop to remain set .0 th.t the DP 
can .till respond to the device addre.s on the LSI-11 Bua (i. e., 
issue BREPLV). This prevent. bus "tim.-out" .rrors, but the 
display registers will app •• r to have all zeros (since DAL will 
not b. gated to BDAL). 

The DP per'orms NPR (Non-Proc •• sor) re~uest. to become m •• ter of 
the LSI-l1 Bus and then fetch di.plav instructions from the host 
CPU m.morv display file. The DP can al.o write into hoat 'CPU 
memory, such as for storing pile1 data 'rom the Image Hemorv. 

The microprogram contains a FETCH .ubroutine to retrieve data 
'rom the host memory, and a STORE subroutine to deposit data. 
Both routines use the contents of the DPC regi.ter a. the 
"virtual" memory address to b. acce.sed. This virtual addre •• i. 
conv.rted into a ph~sic.l memorv addr... by Addition of • 
relocation v.lue. The addition occur. in the 2901A circuits. 
Both .ubroutine. call a common routine to per'orm the addr ••• 
r.location and request bus ma.tership. A common c~cl. completion 
se~u.nc. is also used. 

Assuming that the DP microprogram is to retriev. (read) data fro. 

4-8 



host memory, it c~lls the FETCH subroutine. In FETCH, the DPC is 
tested to assure that it is ~ithin the .llo~able range. II it is 
not, processing stops and the DP returns to the Idle state ~ith a 
Memory Protection error. Assuming the virtual address i~ OPC is 
valid, the microprogram requests NPR .astership by setting the 
DMA REO bit. in the OSUS Control Register. This signal is applied 
to the DHA Control circuit (DCOI0), ~hich in turn asserts BDHR L 
(DHA R.quest) on the LSI -11 "Bus. Meanwh i Ie, th e mi croprogr •• 
calcul.t.. the ph~sic.l IS-bit address b~ adding th. current 
reloc~tion value to DPC. Bits IS-00 of the physical address are 
stored in the 290IA O-Register, and bits 17 and 16 of the 
physical address are stor.d in the "BUF register in the 
Scratchpad RAM (Figure 4-1), The microprogram then ~aits for bus 
mastership. The host CPU grants bus mastership to the DP by 
negating BSYNe and BREPLY from the previous bus cycle and 
asserting BDHQI L (DMA Qrant In). When the DCOIO sees BDMQI 
asserted and BSYNC and BRPLY negated, it asserts BSACK (Selection 
Ackno~ledge) and MASTER and negates BOHR. The microprogram, 
having been ~aiting for the DCOI0 to issue the MASTER signal. can 
no~ proceed ~ith the DATI trans'er. First, the microprogram 
gates the O-Register onto the internal DAL bus and the MBUF 
scratchpad register onto the SRC bus. Then it sets th~ TXMIT ~nd 
XA TO BAD bits in the OBUS CQntrol Register. This cau~es the 
IS-bit ph~sical address to be asserted onto the LSI-11 Bus (bits 
1S-00 via the DAL bus, and bits 17-16 via the ~~C bus>. Next, 
after ~aiting one microinstruction time (lbO nS) to allo~ for 
address deskew, the microprogram sets the TSYNC (Transmit SYNC) 
bit in the OBUS Control Register, causing BSYNC L to be asserted 
on th~ LSI-l1 Bus. The addressed memory uses the BSVNC assertion 
to strobe in the address. Alter the next instruction time, the 
TXMIT and XA TO BAD bits in OBUS Control are cleared, and the 
TDIN (Transmit DATA-IN) bit is ~et. This causes BDIN L to be . 
asserted on the LSI-I! Bus, commanding the addressed memory to 
read its data and place it on the LSI-it Bus BDAL linea. The 
microprogram ~aits in a loop 'or BRPLV indicatiny t~at the 
desired data is available .. When BRPLV is received, the 
microprogram exits the loop, asserts REC TO DAL to gate the BDAL 
data onto the internal DAL bus, and then stores this data in the 
HBUF Scratchpad register. TDIN is then cleared, negating BDIN, 
causing the memory to drop the dat~ and BRPLV. Finally. ~h.n the 
microprogram receives negation of BRPLY, it clears the OBUS 
Control Register (negating BSYNC) to end th. cycle. Upon return 
from the FETCH subroutine, the DPC is incremented by 2 to point 
to the next location in the display lile. The letched data is 
copied Irom the MBUF Scratchpad register, over the SRC bus, into 
the 290!A O-Register. 

The DATO (Data-Out) transaction performed by the STORE subroutine 
proceeds similarly to the DATA. except that in place of asserting 
TDIN, the TDOUT signal is sent, along with the data to be written 
into host memory. 
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Fou~ p~ogra. interrupts to the host CPU can be gener.t.d b~ the 
DP. - T~e.. ar. de.ignated •• STOP. CURSOR MATCH. ERROR. and 
JOYSTICK SWITCH. Th. vecto~ .ddr ••••• fo~ th... int.~~upts a~. 
in s.qu.ntial order within a block 0' eight .e.o~y locations. 
Th. addre •• 0' the block i •• elected bV .witches on the Displ., 
Proc ••• or Module, a. de.c~ib.d in Chapter 2. Fo~ elampl., i' the 
s~itche. are conligured to st.rt the add~.s. block at 320 
(octal), the follo",ing assignm.nt. result: 

Intrrrupt 

STOP 

CURSOR MATCH 

ERROR 

~OYSTICK SWITCH 

320 

324 

330 

334 

32~ 

326 

332 

336 

Int.rrupts a~e r.~uested bV the mic~oprog~am in ~ •• pon.. to 
various conditions arising during .Iecution of the displa, 'il •. 
In addition, the JOYSTICK SWITCH inter~upt can b. r.quested whll. 
the DP is Idl.. The microprogram initiates the re,ue.t bV 
setting one of t",o bits in the GBU9 Control Regi ,t.r, d.pending 
upon the t~p. 0' interrupt. 

The interrupt .e~u.nce is g.n.rat.d bV the DC 003 Interrupt 
Control circuit (Figure 4-2). The DC003 contains t~o secti~n., A 
and B. Th. STOP and CURSOR MATCH interrupts are r.,u •• ted 
th~ough section A via the ROSTA bit in the OBUS Cont~ol Register. 
The ERROR and ~OYSTICK SWITCH interrupts a~e re,uested th~ough 
section B via the ROSTB bit in the OBUS Control Register. During 
an interrupt se~uence, the VECTOR H output 0' the DC003 go •• high 
and applies the V.ctor S.l.ction Switches to the DCOO5 
Transc.ivers, causing the basic vector address to be tran •• itted 
onto the BDAL <10:04> 1in.s 0' the LSI-l1 Bus. In Addition, if 
s.ction B o'the DC003 is the active .ection (ERROR or '-'OVSTICK 
SWITCH interrupt) the VEC ROSTB H signal i. active t~ cau.e BDAL 
03 to be asserted, effectiv.1V adding 10 (octal) to the b •• ic 
Address. Further, the microprogram Asserts DAL 02 ~h.n the 
~OYSTICK SWITCH and CURSOR MATCH vectors ar. to b. produced (324 
or 334>' 

E.ch s.ction 01 the DC003 contains an internal Itinterrupt enabl.
Ilip-flop. Th. enable in s.ction B is alw.vs set. the re.ult of 
a logic high b.ing continuallv clock.d inJ therefore, anv ti •• 
the ROSTB input i. as.erted bV the microprogram .n int.r~upt is 
re~uested. Th. enabl. in •• ction A can b. load.d bV the 
microprogramJ the dat. input is bit 08 0' the DAL bus .nd th. 
loading clock is the eLK STOP ENA H signal (a strobe pul •• 
s.lected b'j the Strobe 'ield 0' the micro",ord>. The s.ction A 
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interrupt enable can be controlled by bits OB and 09 09 the Load 
Status Register A displa~ instruction: i9 bit 09 = I. bit OB is 
loaded into the interrupt enable. Thus. the Load Statu. Regi.ter 
A instruction can cause display proce.sing to stop (bit 10 - 1) 
either with or without a subsequent STOP interrupt. I'. 
~DVSTIC~ HATCH interrupt is to be generated, the microprogram 
.et. the enable by asserting DAL OB and i.suing the strobe pul ••. 

The STOP interrupt sequence proceeds as follows: 

1. The Load Status Register A display instruction with bits 
08, 09, and 10 all 1, is 'etched, speci'ying a DP stop 
with interrupt. 

2. The microprogram sets the section A interrupt enable. 

3. The microprogram sets bit 00, REO A, 09 the FLAQS 
general register (in the 2901A), to indicate that a STOP 
interrupt is pending. 

4. The microprogram proceeds to the Idle-Stop routine, 
where the STALL 'lip-'lop is cleared in order to block 
the DEV REPLY signal 'rom passing onto the LSI-11 Bus. 
In the Idle state, the microprogram must be able to 
control the issuing 0' the BRPLV response. 

5. Once STALL is clear, the microprogram sets the ROSTA bit 
in the GnUS Control Register (since the REG A bit in 
FLAGS is set), and then proceeds into the Idle loop to 
await a DEV REPLY (register access or interrupt 
response). 

6. With RGSTA applied, 
Interrupt Request) on 

the DC003 asserts 
the LSI-11 Bus. 

BIRG L (Bus 

7. BIRO L is received by the host CPU, and, when conditions 
permit. the host CPU responds with BDIN and BIAKI 
(Interrupt Acknowledge In). Because the DP is 
requesting the interrup~, the DC003 "blocks" BIAKI and 
prevents it 'rom passing to the next device, thereb~ 
assuring that only one device is per'orming an interrupt 
at anyone time. . 

S. A,ter BIAKI is reteived, the DC003 enables the VECTOR H 
signal and causes the vector address to be asserted onto 
the LSI-l1 Bus. VECTOR H is also applied to the DC004 
Protocol circuit, which issues the DEV REPLY·signal. 

9. In the Idle loop, the microprogram senses the DEV REPLY 
and VECTOR signals and branches to a routine to handle 
the interrupt. The interrupt handling routine gates bit 
02 of the FLAQS register (in the 2901A array), which 'or 
• STOP interrupt is zero. to the DAL bus to supply bit 
02 0' the vector address. Then it sets the STALL 
'lip-flop to allow DEV REPLY to pass onto the LSI-II Bus 
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as BRPLV L. 
to negate. 

The microprogram th.n ~aits for DEV REPLV 

10. Wh.n the host CPU receiv.s BRPLV, it reads the int.rrupt 
vector And negates BDIN and BIA~I, ~hich in turn caus.s 
VECTOR H to be negated, removing the vector fro. the 
LSI-11 Bus. 

11. Negation of VECTOR H cause. DEV REPLV to be neg.ted, 
allowing the microprogram to clear STALL, RGSTA, the 
REO A bit 09 the FLAOS register, .nd then return to the 
Idle loop. The host CPU proces ••• th. interrupt vector 
And enters a routine to service the DP STOP interrupt. 

The CURSOR HATCH int.rrupt .equence proceeds id.nticall~ to that 
for STOP, except that bit 02 of the FLAGS'register is set, 
c.u.ing bit 02 of the vector to be asserted during the •• ~u.nc •• 
cau.ing .n addres5 of 324 to be generated. 

For the ERROR and ~CVSTIC~ SWITCH interrupt.. the se~uenc. is 
.gain similar, with the exc.ption that bit 01 0' the FLAGS 
register. REO B. is set in pr.paration for the int.rrupt. REG B 
cause. the Idle-Stop se~uence to set RGSTS in the GBUS Control 
R.gi.ter, th.r.by activating section B 0' the DC 003. During 
interrupt service, bit 03 0' the vector .dor· ••• is therefor • 
•••• rt.d, causing. vector of either 330 or 334 to be produced 
depending on the state of the FLAgS bit 02. 

4.3.2 Bit-slice Microproc •• sor Data Paths 

The Microprocessor Data Paths s.ction 0' the Di.plav Proc.ssor 
handle. and/or operAte. upon all data transferred to or 'rom the 
LSI-II Bus Inter'ac. and the DBUS Interface •• ctions 0' the DP, 
under control of the Control ROM and Sequ.nc.r logic. 

-
Figur. 4-3 is a block di.gram 0' the Microproc ••• or Data Path. 
The Data Path i. 16 bits wide. MaJor compon.nt. ar. an arrav 0' 
'our 2901A 4-bit slic. integrated circuit., with carry lookahead 
and shift linkage, and a 16-word by 16-bit Scratchpad RAM.' Th. 
2901A arr.y i. an .rithmetic-Iogic unit (ALU) with 17 word. 0' 
internal data storage. The Scratchpad RAM i. cOMpri.ed 0' four 
16-word by 4-bit random-access memor~ (RAM) integrated circuit •. 
Thes. augment the storage 0' the 2901As, therebv providing a 
total 0' 33 to-bit words 0' storage within the DP. 
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4.3.2.1 2901A Bit-Slice Arrav -

The heart oP the 16-bit microprocesaor data path i. the 2901A 
4-bit CPU integrated circuit (IC)' The microproce.sor can 
perform addition, subtraction, and Pive logic Punctions on t~o 
source oper.nds. The 2901A i. microprogram •• ble via thr •• groups 
oP three bits each for source operand .election, arithm.tic logic 
unit (ALU) 'unction, and de.tination control. These control bit. 
ar. supplied b~ the Control ROM via th. Pipeline Regiater 
(Paragraph 4.3.4). Figure 4-4 is a block diagram of th. 2901,. 
mi croproc essor. 

RAM15 RAMO -. ~ 

RAM ~ 0 ~ FUNCTION FUNCTION 

U 
l""""-

I AO-A3:) K: 
I 00 _ 

RAM REGISTERS 
015 

0 

r BO-B3"'\ 

RO-R1 REGISTER 
R10-R11 OOUT 

I r RAM B DATA OUT 

RAM A DATA OUT 

~ ~ 2: 1 
MUX R OPERAND S OPERAND 3: 1 k: :) UU MUX 

I SOURCE BUS IN 

~ _ COUT 

F=O 

F15 ARITHMETIC LOGIC 
UNIT (ALU) 

OVR 
-

CIN t I 
F LINES 

10---" INSTRUC- "- TO a REG., U =v TION FUNCTION ALU AND 

DECODE If MUXES 

OUTPUT THREE- > . 
STATE DALOUT 

ENABLE --
(DCOO5 TO DAL) DRIVERS 

MR·'1i8 

Figur. 4-4 
2901A Microprocessor Block Diagram 
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The ALU p.rforms the arithmetic .nd logic 'unctions. Source 
oper~nds for the ALU can come from the d.t. input lines (SRC IN), 
the A RAM register (RAM A DATA OUT), the 8 RAM r.gist.r (RAM 8 
DATA OUT), or the G-REOISTER. Th. origin of the sourc. operands, 
.s well .s the ALU 'unction and ALU r.sultant destination, is 
controlled bV the 10--18 instruction line •. 

There 8re 17 registers within the 2901A. The register. include 
the G-Register .nd 16 RAM registers. For the DP, the RAM 
regist.~s are labeled with their octal cod •• , RO through R7, .nd 
RlO through R17. -A RAM regist.r i •• elected for r.Ading from or 
writing to via the four A (AO--A3) or 8 (BO--83) line.. The itA II 
lines can onlv •• l.ct RAM registers for r.ading, but the "B" 
lines can select regist.rs for both r •• ding and ~itingJ ~hen a 
write is performed, data is clocked into both the A and 8 
reg i sters. 

Each RAM regi.ter h.s an A .ddre •• (AO--A3 lines) .nd a B addres. 
(BO--93 lines). These .ddresses .re oct.l .ddr.sses .nd ar. the 
same .s the register 1.belJ i .•. , to .ddr •• s R7.n oct.l 7 i. 
plac.d on the A Dr B .ddr •• ~ lin... BV pl.cing the s •••• ddre •• 

'on the A .nd B .ddr ••• lin •• , the content. of the .ddr •••• d RAM 
register will app.ar on both the RAM A DATA OUT and RAM B DATA 
OUT lines. However, onlv the RAM B addr ••• lin •• c.n •• l.ct RAM 
r.g i sters for ~ri ti ng. (Th. G-Reg i .ter c.n al.o b. wri tt.n. ) The 
RAM r.gister labels, th.ir .ssigned DisplaV Proce •• or 'unction, 
and their octel .ddr ••••• • 1'. sho~n in T.bl. 4-1. RAM regi.t.rs 
RO, Rl, Rl, and R3 ere .ddre.sable from the LSI-II Bu., .s DPe, 
DSR, DXR, and DVR, r.sp.ctiv.lV. 

As previously mentioned, the microinstruction pl.ced on the I 
line. (10--18) determine. the origin of the source oper~nds to 
the ALU, the function which the ALU p.rfor.s, .nd wh.r. the 
result 0' that function is stor.d. Th. I lin.s .1'. encoded with 
an octal microcoded instruction for the functions sho~n in Table 
4-2. 

Th. ALU de.tination control (16, 17, IS) specifies where the 
output of the ALU (F lines in Figure 4-4) will b. stor.d. The 
de.tination can either b. the G-Register Dr a B RAM r.gi.t.r. 16 
through IS .lso sp.cifV the tvpe of function that is performed bV 
either the RAM function Dr the G-register function. RAM and G 
functions c.n shift up or do~n or Just tr.n.f.r the output of the 
ALU for storage in the 0 Dr RAM registers. When the RAM function 
is an up Dr a down shift, RAM 0 (INO) Dr RAM 15 (INI5) are 
.mploved. RAM 0 and RAM IS correspond to the least signi'icant 
bit (LSS) and most significant bit (MSB) of the RAM shift 
function respectivelv. The octal microcod. for the 15 through IS 
lin.. is li.ted in Tabl. 4-3. In this table, F refers to the F 
lin. DAL bus driver output from the ALU (Figure 4-4), B is • 
particular 8 RAM register as s.lected bV the B lines, and G is 
the G-Reg i ster. 

4-15 



Tabl. 4-1 
2901A RAM R.gist.r Assignm.nt. 

, 
, RAM Mn •• onic 
'R.gisterl N •• e 
I I 
I 1 RO DPe-

I 
I 
I 
1 
1 , 
I 

R1 DSR. 

R2 

R3 YSR. 

R4 FLAOS** 

R5 PHASK 

R6 RELOC 

R7 RXA 

RlO xPOS 

A or B 
Addr.ss 
(Octal) 

o 

1 

3 

4 

5 

7 

10 

Function 

Displa~ St.tus Register 
(Opcode, PileI D.t., STOP Flag) 

x St.tus Regist.r CDXR on 
LSI-l1 Bus) (X-Coordin.t. 0' 
g rap h i cpo sit i on, J 0 V 5 tic II 
cursor or Jo~sticll metch) 

Y St.tus Register (DYR on 
LSI-11 Bus) CY-Coordinat. 0' 
graphic position, Jov_tick 
cursor or Joysticll .atch) 

P.nding int.rrupt 'lags and 
Oraphic-Hod. Op-Cod·.;o. Al.o us.d 
as temporary storag 

M.mor~ Prot.ction H •• k for 
curr.nt1v activ ••• gment. 

M.mory Reloc.tion bits 1S-09 
for curr.ntlv activ ••• gm.nt. 

Memory Relocation bit. 17-16 
'or currentl~ activ. segment. 
Also contein. the Curr.nt 
S.gment 'leg and oth.r 'l.gs. 

x Position ex Coordinat. of 
current graphic position, in 
S12-point r.solution 'ormat) 

Rll VPDS 11 V Position (Y Coo~din.t. 0' 
curr.nt graphic position, in 

I 1 512-point resolution 'or •• t) 
--------- ---------1---------1---------------------------------

(continu.d on next pag.) 

- R.gi.t.r cen b •• cc •••• d 'rOM LSI-11 Bu •. 
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RAM 
Register 

R12 

RI3 

R14 

R15 

R16 

R17 

1 Lines 

FUNCTION 

T.ble 4-1 (cont1d) 
2901A RAM Register Assignments 

A 01' B 
Mnemonic I Addr".s Function 

Name I CDc t.l) 
I 
• 

TEMPO 12 Tempor.r" Hold No. O. 

TEMPI 13 T.mpo1'41r" Hold No. l. 

TEHP2 14 Temportlr" Hold No. 2. 

COUNT 15 Iteration counter for 
pixel-writing loops (vector 
generation and bit-map >. Also 
used 'or temporal'" storage. 

AC 16 Accumulator for v.ctor slop. 
control. Also used 'Dr 
temporaTV storage. 

TAN 17 Tangent of vector .ngle. Also 
used 901' tempOrAl'" storage. 

Table 4-2 
2901A 1 Line Function. 

1<8:6> 

ALU 
De.tination 
Control 

1<~:3> 

ALU 
Function 
Control 
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Th. ?unction F/2 divid •• the valu. on the F lin.. bV t~o (bV 
.hi,ting to the right) and load. the r •• ult into the RAM, and 0/2 
divid •• the content. 0' the 0 regi.ter bV two. Conver •• ly, 2F or 
20 double. the v.lue 0' F or O. An i.portant de.tin.tion 
'unction is the uALU Byp ••• • op.ration, oct.l cod. 2 in T.ble 
4-3, in which the ALU output c.n b. stor.d in the 8 RAM regi.ter 
while the A RAM register i. gated directly to the DAL bus. This 
is u.ed h.avily while ~iting coordinate and pil.l d~ta into 
I m.g e "'e",ory. 

Table 4-3 
ALU Destination Control 

RAM G I 
Microcode RAM G-REO Shi,ter Shifterl 

Hnem- ----------- Function Function V Input I Input I 
onic Octal ----------- -----------... Out ---------1--------

1876 Code Shift Load Shift Load RAMO RAH31 GO G3 

GREQ LLL 0 X None None F>G F X X X X 

NDP LLH 1 X None X None F X X X X 

RAHA LHL 2 None F>B X Non. A X X X X 

RAHF LHH 3 None F>B X Non. F X X X X 

RAHGD HLL 4 Do ... n F/2>B Do ... n G/2>O F FO IN3 GO IN3 

RAHD HLH 5 Do ... n F/2>B X None F FO IN3 00 X 

RAHOU HHL 6 Up 2F>B Up 2G>0 F INO F3 INO 03 
I 

RAHU I HHH 7 Up 2F>B X None F IHO F3 X 03 

L - Lo ... Logic Level 

H • High Logic Level 
X • Donit C.re condition 
B - RAM Register addressed by B Lines 
UP i. tow.rd HSB 
DOWN i. to .... rd LSB 
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It was previou.l~ mentioned that the 2901A microproce.sor can 
perlorm three arithmetic functions and live logic function •. 
Th.s. functions are .elected bV the microcoded in.truction on I 
line5 13 through IS. The eight functions are .hown in Table 4-4 
along with their octal code. 'or the I lin.s. This table and 
Table 4-5 u.e the .Vmbols Rand S to de.ignate ALU source 
oper.nds. 

The source operand control I lin.. (I line. 10 through 12) 
determine from where the .ource operand. for the ALU will come. 
Source oper.nds can -come from an A or B RAM regi.ter, the 
O-Register. or the data input lines (SOURCE BUS IN) to the 2901A. 
The .ource operands can .lso be equel to zero for some codes. 

Table 4-0 is • matrix which summarizes the functions of 12, 11, 
10 Cde'ine. columns in Table 4-6) and IS. 14. 13 (d_Iine. rows in 
Tabl. 4-0>' 

Since the functions 0' the I line •• re defined in T.bl.. 4-3, 
4-4. .nd 4-5, the.e tables are u.ed to develop. microcode for 
the 2901A microprocessor. 

Table 4-4 
ALU Function Control 

Microcode 

1------------------' 
Mnemonic Oct.l ALU Function 

15 14 13 Code 

ADD L L L 0 R plus S 

SUBR L L H .. S minus R , 
SUBS L H L 2 R .inus S 

DR L H H· 3 R or S 

AND H L L 4 R and S 

NOTRS H L H 5 -R and S 

EXOR H H L 6 R exclusive-Dr S 

EXNOR H H H 7 R exclusive-noT' S 

L - Low Logic Level 
H - High Logic Level 
R and S - Source Operands (Teble 4-S) 
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Tabl. 4-5 
ALU SOU,.c. Op.,.and Cont,.ol 

Hic,.ocod. ALU 
----~--~---------- SOU,.c. Op.,.a",ds 

Hn .... onic Oct.l 
12 11 10 Cod. R S 

AG L L L 0 A G 

AD L L H 1 A B 

ZO L H L 2 0 G 

ZB L H H 3 0 B 

ZA H L L 4 0 A 

DA H L H 5 D A 

DO H H L 6 D 0 

DZ H H H 7 D 0 

L =- Lo ... Logic Level 
H = High Logic Level 
A =- RAH A Registe,. 
B - RAH B R.gist.,. 
o =- G-Regiat.,. 
o • OpRT'and .quala 0 (z.,.o) 
D • Dat. In lines ('T'OM SRC Sua) 
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T.bl. 4-6 
Sourc. Op.r.ndJALU M_trix 

ALU Sourc. 1(2,1,0> Oct.l Cod. 
---~----~---~---------------~-------------------------------1 

0 I 1 I 2 I 3 
10 ---------1---------1-----1-----
C I I A,G A,B O,G 
T 51 
A 4~ ALU 
L 31 Funct. 

Ci-L A+O A+B 0 
0 ADD 

t Ci=H A+O+l A+8+1 I 0+1 
---1------- --------- ---------1-----

I Ci-L I O-A-l B-A-1 I 0-1 • 
1 I SUBR I 

Ci=H O-A B-A I 0 

-------1--------- ---------1-----
Ci-L A-O-1 A-B-l 

2 SUBS 
Cis:H A-O A-B 

------- --------- ---~----

3 OR A OR 0 A DR B 
------- ---------1---------

4 AND A AND 0 A AND B 
---1------- --------- ---------

5 I NOTRS A AND 0 A AND B t 

---1------- --------- ---------
6 • EXOR A EXOR G A EXOR B I 

---1------- --------- -------------
7 • EXNOR A EXDR G A EXOR B • 

Ci - Carry In to LSB 0' ALU 
L • Low Logic L.v.l 

• H - High Logic L.v.l 
A - RAM A Regiat.r 
B - RAM B Regiater 
G - O-R.gister 
o - Dp.r.nd .qu.l. 0 (z.ro) 

I -G-l 
I 

-0 
-----

0 
-----

0 
-----

0 
-----

G 
---..-._ .... 

G 

D - D.t. In I1n.a (fro. SRC Bus) 
+ - Plua 
- - Minus 
EXDR - Exclus1v.-DR 

J O,B 
t 

B 

B+1 
-----

B-1 

B 
-----

-B-1 

-B 
-----

B 
----

0 
-----

B 
-----

B 
....... ----

B 
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4 5 6 7 ----- --------- ---------1------' 
O;A D,A D,G O,D 

A D+A D+G D 

A+l D+A+l D+O+l D+l 
----- --------- ---------1-----

A-I A-D-l O-D-l • -D-l 

lit A-D (i-D -D 
----- --------- --------- -----

-A-1 D-A-l D-O-l D-l 

-A D-A D-O D 
----- --------- -------- -----

A D DR A D OR 0 D 
----- --------- --------- -----

0 D AND A D AND 0 0 
------ --------- --------- -----

A D AND A D AND 0 0 
---- --------- --------- -----

A D EXOR A D EXOR G D 
---- -------------- --------- ------A D EXDR A D EXOR 0 D 



The C.rrv-1nput to the least-signi'icant bit 0' the ~901A .rrau 
is supplied bV • 4-input .ultiple.er. Under control 0' the 2-bit 
C.rru Input Select (CIS) 'ield 0' the .ic~o~ord. one 0' 'ou~ 
siln.ls c.n be ~pplied to the 2901A car~u input. Filu~e 4-5 
illustrate. the c.rrv-input circuit and provides. list 0' the 
c.rrv-input .icrocode 'unctions supplied bU the .icro_D~d (0. 1, 
.nd true o~ inverted S.ved Carru '~o. the previous 
.icroinstruction). 

SH <1:0> { 
(SHI FT SELECT 
FROM MICROWORD) ----~--+-~-------...,_+ ,11 

0---. 51 SO 0 ---. 51 SO 

1 --. 1 ---- DUAL I--00- DUAL 
4 TO , I----..,..----.t 4 TO 1 ~ 

RAMO-__ ~-~ MUX MUX 

~ ~ ~ --- RAM 0 ad 
CARRY 

RAM a CARAY 
15 15 

OUT 290TA CIN -. 
IN 

COUT 
ARRAY 

F15 

---

CARRY-SAVE 
o (GND)----" FLIP-FLOP 
1 (+3V) ____ 4 TO 1 

4 0 1 - MUX 

- S1 SO 

I --
~ 

SYSC LK ---. C 0 

ALU 
CIS CAARYIN r __ 

(CARRY-INPUT SELECT ~ 
FROM MICROWORD) L-----J 
CIS <1:0> 

1 0 
- - O(LOW) u u 

0 1 1 (HIGH) 

0 SAVED CARRY 

-SAVED CARR 

MA·63" 

Figure 4-5 
C.rru-Input ~nd Shi,t Linkage Logic 'or 2901A Arr.v 
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The Ca~ry-S.ve flip-flop is loaded with the ca~~v out of the most 
significant bit of the 2901A (bit 1~) at the end of each cycle 0' 
the microprogram. The "true" or "comple.ent" of this flip-flop 
can_ be applied to the carry input via the Car~y-Input 
Multiplexer. This capabilitv facilitates multiple-precision 
arithmetic operations. 

For the addition 0' two 16-bit numbers, a carry-in of 0 ia 
selected. For subtraction, a carry-in 0' 1 is used. Inc~em.nt 
and decrement operations (in which one of the 2901A ALU .ource 
operands is zero) select a c.rrv-in 0' 1 and 0, respectively. 
Use of the carry-save inputs allows implementation of 
"conditional increment" .nd "conditional decre.ent" operations. 
For a conditional increment, the 2901A instruction is configured 
to add a zero to a selected register, and the true sense 0' th, 
carry-save 'lip-'lop is .elected to aupplv the carry in. Thus, 
if a carry out of the 2901A occur~ed on the previous 
microinstruction, the selected register ~ill be incremented. For 
a conditional decrement, zero is .ubtracted 'rom the selected 
register: and the complement 0' ca~rv-s.ve i. .elected fo~ the 
carry-in. Thus, the selected register will b. decremented if • 
carrv-out occurred on the previous microinstruction. 

Shifting 0' data between 2901A elements occurs over bidirectional 
lines b.tween the elements under control of the ALU DESTINATION 
field 0' the microword (1(8:6». At the ends of the arrav, 
3-State .ultiplexers are used to select the data to be entered 
into the le.st- or _ost-significant G-Register and/or RAM 
register bits during shift operations. ALU Instruction bit 7, in 
the ALU DESTINATION field 0' the .icroword, •• lect. which 
multiplexer is active. 17 is low (0) on a shift rightJ it is 
high (1) on a shi,t left. The two-bit SH (1:0> field in the 
microword .elects the particular multiplexer input. a. listed in 
Tab Ie 4-7. 
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SHl SHO 

o o 

o 1 

1 o 

1 1 

Tabl. 4-7 
Shi't Hultiple.e~ Inputs 

Function 

ZERO 

ONE 

ROTATE 

ARITHMETIC 
SHIFT 

A logic 0 (lo~) is applied to the 
various inputs (QQ, &lS, RAMO, 
RAM15), causing • 0 to b •• nt.r.d 
into the l.ast- significant Cl.'t 
shift) or most- signi'icant C~ight 
shift) ~egist.r bit. 

A logic 1 (high) is appli.d to the 
regist.~ inputs. cau.ing a 1 to b • 
• nte~.d into a vacat.d bit. 

Bits l.aving on •• nd of a ~egist.~ 
a~. ente~.d into the oth.~ end of 
th.t .am. regist.r. 

On • right shift, the MSI Csign bit) 
of the ALU output is enter.d into 
the MSB of the RAM; if 0 is also 
shifted (doubl. precision shift) the 
LSB of the RAM is en -.red into OIS. 
On a left .hift, 015 • entered into 
RAM 0; if 0 is also shifted, 0 
enters 00. 

4.3.2.3 Scratchpad RAM-

The Scratchpad RAM is a random-acc.s. m.mor~ of si.teen ~ords of 
16 bits each, constructed of four 16-wo~d b~ 4-bit chips. Each 
chip contain. four bits of each word. Aa sho~n in Figu~. 4-3, 
the RAM receiv.s data fro. the DAL bus and transmits data on the 
Sourc. (SAC) bus. 

The 4-bit Scratchpad Registe~ (SPR) fi.ld 1" th. .ic~o~ord 
s.lects one of the 16 ~egist.rs in the RAM to be r.ad and/or 
~~itten. The contents of the s.lected regi.te~ is gated onto the 
SRC bus if the microword Source-Bus Select field is O. If the 
Sc~atchpad Write bit (SPW) bit is set in the micro~ord, the data 
on the DAL bus is loaded into the .el.cted register at the end of 
the current microc~cl •. 

Table 4-8 lists the name and us.ge of each register in the 
Bcratchpad RAM. Hal' 0' the registers are used ior short-t.rm 
storage, .uch •• t.mporar~ valu.s or counts us.d onl~ during the 
CDUrs. of proces.ing one displa~-9ile instruction. Th. other 
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hal' are used for long-ter. storage, such as memor~-.anag •• ent 
parameters, Control-Status Register, Histogram and Character b.se 
values, etc. that remain static over the course of •• n~ displ.~ 

instructions. 

Table 4-8 
Scr~tchpad RAM Register A.signments 

RAM 

o HBUF 

1 BTEHPO 
2 STEMP1 
3 BTEMP2 
4 STEHP3 
5 STEHP4 

6 X SAVE 
7 YSAVE 

10 HAINHH* 

11 AUXI9t* 

: 
I 

12 I CSR
I 
I 

----------1----------

Function/Use 

NHemor~ Buffer.· Transmits extended 
address bits (16 and 17) and WTBT 
signal to LSI-11 BUSJ receives data 
from the LSI-11 Bus; also used a. a 
te.por.r~ holding register_ 

STEHPO through STEMP4 are 
te.porarv holding registers 
execution 0' various functions. 

X SAVE and YSAVE are used to hold the 
final X and V positions, respectivel~, 
to b. attained during execution 0' 
Filled Histogram and Bit-Hap graphic 
operations. 

Main Segment Memorv Management 
par.meters. Bi t. 15-12 hol d the 
prot.ction ••• k. ~hil. bit. 11-00 hold 
the relocation value. as specified b~ 
the operating soft~are via acce.s 
through the DSR. 

Auxiliar~ Segment Memor~ Management 
para.eter •. Similar to MAIN"M but holds 
the parameters for the Auxili.r~ 

displa~-file segment. 

Control-Status Register. Contains 
control and error bit •• a. specified in 
Paragraph 3.3.2.4. 

* Regi.ter can ~e acce.sed from the LSI-11 Bus via the DBA 
Register (Chapter 3). 
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I 

Table 4-8 (cont'd) 
Bc~atchpad RAM R.gister Aasignment. 

Function/U •• 

I __________ ~--------~---------------------------------------
I 
I 
I 
I 
I 
I 
I 

13 

14 

15 

16 

17 

QHINCR Oraph/Hi.togra. Incr ••• nt Register. 
Bit. 04-00 hold the increment value a. 
speci'ied in bit. 05--01 0' the LOAD 
ORAPHPLOT INCREMENT diaplav instruction 
(P~r.graph 3.5.2.12). Bit 06 holds the 
Pixel Dat. Inhibit control bit, as 
5p.cifi.d bV the LOAD PIXEL DATA 
INHIBIT inst~uction. Bits 15--08 are 
u.ed to save the ch.r~cter 'rom the 
high bvte of. displav-file Character 
Data Wo~d. 

HBASE* Hi.tog~a. B.se register. Bits 08-00 
hold bits 09-01 01 the value specilied 
bV the SET HISTOORAM BASE displav 
instruction. Bits 1S and 14 hold the 
"ain- and AUliliarv-Segment ~it.
P~ot.ct bits, r.sp.ctivelu. 

I 
CBASE- I Charact.r Ba.. r.gistr-. Hold. the 

t value speci'ied bV the1ET CHARACTER 
I BASE instruction. 
I 

PCSAVE*I Displav Program Counter Save r.gister. 
Sav.. the content. 0' the DPe during 
subroutines and Bit-Map processing. 

~gINST Cont.ins the microprogram address 0' 
the start 0' the cUTr.nt Qraphic Mode 
proceasing ~outine. Also sav.s the 
cu~rent Oraphic Mod. Op-Cod •. 

* R.giste~ can be acc.ssed '~o~ the LSI-11 Bus via the DSR 
R.gister (Chapter 3). 

The Scratchpad RAM provides the path wherebv data 'rom the LSI-11 
Bu. can b. trans'erred into the 2901A arrav. For .xample, during 
a Data-out into one 0' the VSV11's addressable device r.giste~s, 
the data being written (presumablu bV the host CPU) is gated P~o. 
the LSI-11 Bus DAL lines, onto the int.~nal DAL bus, and is 
loaded into the "BUF Scratchpad register. In a subsequent 
.icrocvcle, the contenta 0' "BUF is gated onto the SAC bus and 
trana'e~red into the 2901A. A similar sequence ia pe~'ormed when 
the VSVII 9.tche. display-'ile wo~ds 'rom the host CPU .emorv. 
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The MBUF regist.r in the Scratchp~d RAM is also u.ed during each 
DMA cvcle to hold the two high-order address bit. 'or the .emorv 
location b.ing .ddr •••• d. During the addr ••• portion of the DMA 
cyc_l., MBUF is gat.d onto the SRC bus. Bit. 00 and 01 0' the SRC 
bu. are th.n gat.d to the LSI-11 Bus BAD 16 and BAD 17 (Bu. 
Addre.s 16 .nd 17) line. while the remaining addre.s bit •• re 
supplied by the 2901A via the DAL bu.. During a write into ho.t 
CPU .e.ory, bit 15 of MBUF al.o supplies the WTST (Write/Byte) 
.igna1 to the LSI-11 Bu •. 

Figur. 4-6 show. the DBUS Inter'ace section 0' the Display 
Processor. The DBUS is a bidirection.l bus c.rrving data, 
control and status in'or.ation between the Displav Processor 
modul.. the Image Memory .odules, and the Sync gen.rator/Cursor 
Control module. using twentv-six signal line •. 

Th. DBUS is physical IV impl.ment.d a. a 40-conductor 'lat cable 
.connected at the handle end 0' each module vi~ a 40-pin h.~der. 

The twenty-six .ignal lines used on the DBUS cable are de'ined .s 
'allows: 

1. Twelve bidirectional data line. which are driven and 
received by the Display Proce •• or. 

2. Nin. c'ontrol lines driven by the Displav Processor and 
received by the Image Memories and the Sync g.nerators. 

3. Two .tatu. line. driven by the Image Memorie. and 
received by the Displ_V Processor. 

4. Thre •• t.tus lin •• driv.n bU th. SVnc g.n9r.tors .nd 
received by the Displav Processor. 

As shown in Figure 4-6, the DBUB Data line. are supplied ~ith 
data from bits 00-12 0' the internal DAL bu.. They ar. r.ceived 
and gated onto bits 00-12 of the internal SAC bus. Control 
signals are supplied bV the DBUS Control Regi.ter (DBC) which is 
loaded from bits 08-15 0' the EMIT 'ield of the microword. 
status signals received 'rom the DBUS are applied directly to the 
Branch-uTe.t (SUT) Multiplexer in the Sequencer s.ction of the 
Di.plav Processor. The 'ollowing p~ragraphs de.crib. the action 0' the.e various elements during communications with Image 
Memories and Sync generators. 
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TO SEQUENCER DATA AVAIL L 

{

MSYNC L 

BUT MUX JS SW INTER L 

SCLK (1) H 
(FROM TIMING CIRCUIT) 

PULSE 00 L 

JS MATCH L 
DATA ROY L 

DRIVERS 

(FROM ~WORD STROBE DECODER) ...... __ --.. 

DB MEM CLK L 

DB PULSE 00 L 

o WRITE H 

EM I T < 1 5: 08> ( 1) H Deus 0 CLR L 

(STATUS) 

CONTROL 
REG ISTE R ~_+-~D;....R;.;..E~Q~D-.,;,A..;..TA--..,;;;L-----_+~ 

(FROM MICROWORD 
PIPELINE REGISTER) 

(DBC) 
o SEL <3:00> H 

(ENABLE DAL TO DBUS) 

SOURCE BUS 
<11 :00> 
(TO 2901A) 

ENABLE 
Deus 
TOSRC 

LATCH/DRIVER 
1----4_.1 (W/3-ST ATE OUTPUT) 

OAL <11 :00> 

(F ROM 2901 A) 

Figur. 4-6 

DBUS <11 :00> H 

(TO/FROM IMAGE 
MEMORY & SYNC) 

DBUS Int.r9ac. Block Diagram 
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DBUS <11:00> 

D SEL (03:00> 

Table 4-9 
DaUS Signal Line Functions 

Direction Description 

Bidirectional (a) X and V coordinat. data 
to Image Hemories, 5peci'~ing 
the coordinates of a pixel 
location to be written or 
read bacle. 

DP to Image 
Memor~ and 
Sync 
generator 

(b) Pixel Data to be written 
into Image Memory, speci'ying 
the color/intensity of a 
pixel. 

(c) Control information to be 
loaded into the Image Hemor~ 
control register, specifying 
the memor~ operating modes. 

(d) X and V coordinate data 
to be loaded into the Cursor 
Coordinate registers on a 
Sync generator, speci'ying 
the position oP the cursor 
crosshairs. 

(e> Control in'ormation to be 
loaded into the ~o~stick 
Control registers ~n the Sync 
generators. 

(f) Pixei aa~a read from 
Image Memory during a Pixel 
Readback operation. 

(g) ~ovsticle cursor coordi
nate data and status returned 
to the DisplaV Processor 

• during a Joystick Status Read 
operation. 

This 4-bit code 
speci'ies 
register 
operation 
an Image 
generator. 

a particular 
to be accessed or 
to be per'ormed in 

Memory 01" Sync 

-------~------- -------------- -------------------------------
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D PULSE 00 

DB HEH CLI'. 

o WRITE 
o CLR 
o REO DATA 

HSVNC 

DATA AVAILABLE 

~s SW INTR 

'"'9 HATCH 

OATA ADY 

T.bl. 4-9 (cont/d) 
DaUS Signal Lin. Functions 

DP to I •• g. 
M.",or'1 and 
S"nt 
O.n.ratol' 

DP to lINg. 
H.mol'" and 
S"nc 
Oen.rator 

S"nc 
Oenerator to 
DP 

S"nc 
Oen.rator to 
DP 

S"nc 
gen.rator to 
OP 

Strob. puis., issued ~ith the 
S.l.ct cod. on D BEL <03:00>, 
causing th.s.l.cted register 
to b. ~ritten Dr op.ration to 
b. initiated. 

Continuous clocking signal 
causing all Image Memorie. to 
be s"nchronized to the 
displa" processor microc"cl •. 
Also l'.ceiv.d b" the S"nc 
generator to s'1nchroniz. 
displ." 0' the cursor. 

Cause write-enabled Image 
Memori.s to p.r'ol'm. WTit. 
cycle, a Cle.r, 01' Pixel 
A.adbaclc c"cl •. 

Issued b" write-enable Image 
Memori.s to indicat. that 
~riting 0' pi 11s can occur. 

I.sued b" Imag. Hemor" during 
Pix.l A •• dbaclc c"cl. to 
indicate th.t the pix.l data 
'rom the .elected location 
has b •• n placed on the DaUB 
Data lin.s and can b. read b" 
the Displa" Processor. 

Issued b" a S"nc Oen.rator 
~hen the ,",o".ticlc S~itch is 
clo~ed and the ,",oustick 
S~itch interrupt i. enabl.d. 

Issued b" a .Unc g.n.rator 
~hen the Match Interrupt i. 
enabled and the DP ha. 
~ritten into an Image Memor" 
location ~hos. coordinate. 
match the curr.nt position 0' 
the Jo".ticle cur.or. 

Issued b" S"nc generator to 
indicat. pre •• nc. 0' X or V 
cursor data on DaUB Data 
lin.. during _ 
Status read c"cle. 
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4.3.3.1 DBUS Data Drivers And Receivers -

The DBUS D.ta drivers consist of two transparent latch chips with 
3-s~ate outputs. The output-en.ble for these chips is controlled 
bU bit 14 of the DBUS Control Register (Paragraph 4.3.3.2>. When 
the output-enable i. low, the chips are actively driving data 
onto the DBUS. When the output-enable is high, the drivers are 
pl.ced in • high-impedance st.te .nd so do not .~fect the DBUS. 
When the latch-enable input is high, it allow5 d.ta on the DAL 
<11: 00> bus inputs to pass to the latch outputs. Bringing the 
latch-en.ble low causes the output data to be held st.ble. This 
occurs during the last 40 nanoseconds of one microcycle and the 
first 40 nanoseconds of the next microc~cle to allow for tail-end 
deskewing of DBUS d.ta. 

Data to be written into a regist.r of the Image Memory or Sync 
modules is typically held in one of the registers in the 2901A 
arr.v. When the data is being written the microprogram per~orms 
the following, typically within one microinstruction: 

1. The EMIT <11:08> bits are configured with the 
appropriate D SEL code to select the Image Memory or 
Sync r.gister being written. EMIT bit 14 is specified 
as zero to enable the DAL data to be gated onto the 
DBUS. The ENABLE DBC bit in the microword is coded .s a 
one to allow the DBUS Control Regist.r (DBC) to b. 
loaded with the EMIT data. 

2. The microword is coded to select. 2901A register and 
gate its contents onto the DAL bus. 

3. The data p ••••• 'ro. the DAL bus onto the DBUS and i. 
presented to the I.age Memorv a~d Sync registers. 

4. The microword is coded to cau.e the PULSE 00 strobe to 
be issu.d. When the .elected m.mor~ or sync r.gister 
receive. this pulse, the data is loaded into the 
register and the cvcle is complete. 

When data is being read 9rom a Memory or Sync register, the read 
operation is triggered by a previous microprogram operation, 
which varies depending upon the source of the data. The 
microprogram sets bit 14 of the DBC to disable the DBUS data 
drivers, forcing them into a high-impedance state. The 
microprogram then ",aits 'or a signal from the Memory or Sync 
indicating that the requested data has been placed on the DBUS 
Data lines. If the data is coming from an Image Memory, the 
microprogram waits 'or the DATA AVAILABLE status signal. If data 
is being read 'rom _ SUnc module, the wait is 'or assertion 09 
DATA READY. When the required signal is received, the 
microprogram enable. the DBUS Receivers to gate the data onto the 
Source (SAC) Bus. From the SAC Bu., the data is loaded into a 
register in the 2901A. A,ter data is loaded, the microprogram 
signal. the completion of the cycle to the Imag. Hemorv or Sync, 
.hich remove. it. data 'rom the DBUS. 
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4.3.3.2 DBUS Control R.li.t.r (DBC) -

Th. DBUB Control R.gi.t.r (DBC) i •• ~ B-bit regi.t.r, load.d froM 
bi~~ 08--15 of the EMIT fi.ld of the micro~ord ~hen the Enable 
DBC Lo.d (EN DBC) bit in the .icro~o~d i. ..t. Figur. 4-7 
illustr.t.. the DBC bit 'or.at, and Table 4-10 de.crib.s •• ch 
bi t. 

, EMIT BIT: 

EMIT Bit 

IS 

14 

13 

15 14 13 12 11 10 09 08 

DAL I r f 

DWRT TO DCLR 
REQ o SEL <03:00> 

DBUS DATA 
I I I 

MA·5347 

Figul'e 4-7 
DBUS Control Regi.ter For.at 

Tabl. 4-10 
DIUS Control Regi.ter Bit Definition5 

DWRT 
(0 WRITE H) 

DAL TO DBUS 

D CLR 

Wh en 5. t (1). c. ;.. p i I .1 wr it. 
cvcles to b. i.,iti.ted in .11 
~rite-.n.bled Image Memorie •. 

When cle.r (0), the DBUS Dat. 
driv.rs ar. enabl.d and DAL Bus 
d.ta i. gat.d onto the DBUB d.t. 
1 ine.. When .et (1), th. drivers 
are inhibited. 

When clear (0), caus •• the D CLR 
L .ignal to be •• nt to .11 Imag. 
Memorie •. Thi. bit i. held cle.r, 
while the DWRT bit i. held' set, 
'or a minimum 0' one 'ull di.plav 
field ti.e to cle.r .11 
~rite-enabl.d Image H.morie •. 

12 REO DATA When cl •• r (0), .nd the DWRT bit 
(R.qu.st D.t.) is •• t. a Pi •• l R.adback cvcl. is 

trigg.red in all writ.-en.bl. 
Image Memorie~. The memorv reads 
th. pixel data at the X-V 
position previouslV loaded, 
place. the data on the DaUS D.t. 
lines, And Assert. DATA 

I AVAILABLE. 

---------- ----------------1-----------------------------------
(continued on next page) 
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EMIT Bit 

11-08 

Table 4-10 (cont'd) 
DBUS Control Register Bit Definitions 

N .. me 

D SEL <03:00> 
(DSUS Register 
Select, bits 
03-00) 

o 

1 

2 

3 

4 

5 

7 

10 

11 

12 

13 

14 

15 

16, 17 

Description 

This 4-bit field is encoded to 
select an .ction or register in 
an Image Memory or Sync module; 
the specified ~ction is performed 
when the PULSE 00 is i •• ued bV 
the microprogram. The D SEL codes 
are: 

Action 

Write ~OVSTIC~ STATUS Regi.ter 

Write Image Memory X Position 

Write Image Memory V Position 

Write Image Memory st~tus 
Register 

Write Image Memory Pixel Data 
Latch 

Perform mode switch in enabled 
Image Memories 

Unused 

Trigger reading of cursor X and V 
coordinates on SYNC channel with 
~oystick Interrupt pending 

Trigger re.ding of cursor X 
coordinate on the SYNC channel 
.elected by DBUS Data bit. 11-10 

Trigger reading of cursor V 
coordinate on the Sync channel 
.elected bV DBUS Data bits 11-10 

Write cursor X coordinate 

Write cursor V coordinate 

Write Extended Cursor Control 
Register (Blink and Switch bits) 

Unused 
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Oper.tion 0' the entire Display Proce5SO~ is unde~ control of • 
• ic· ..... op~ogr •• ~esiding in the Control ROM (Rtp.d-Onl~ M •• o~ .. )' 
Con~~ol 0' the .icroprogra. se~uence itsel' is also provided bV 
the ROM. Figu~e 4-8 is • block diagram 0' the ROM, its pipeline 
(output bu"e~) register, and the microprogra. se~uencing logic. 
The b.sic elements in this control section are desc~ibed in Table 
4-11. 

The follo~ing paragraphs provide details of the various elements 
~ithin the control section. 

Name 

ROM 

PIPELINE 
REOISTER 

Table 4-11 
Control ROM Basic Elements 

Description 

Read-Onl~ Memory. The ROM is an 
addressab.le nonvolati Ie memor", containing 
1024 ~o~ds of 64 bit. each. The ROM ia 
composed 0' sixt.en 1024 X 4-bit ROM ICs. 
The t.n input addr •• s lin.. to the 
.ixt.en ROMs are ... ir.d in .,>arallel, thus 
selecting one 64-bit control ~ord at a 
time. 

The Pipeline R.giste~ sto~es all 64 bit. 
from the ROM. The outputs from this 
registe~ a~e then applied to the oth.~ 
elements in the DP to control their 
ope~.tion. The content 0' the Pipeline 
Registe~ is te~med the current mic~owo~d 
o~ microinstruction, sihce it is the 
control ... o~d p~esentl~ acting upon the 
othe~ elements. 'The ROM output is termed 
the next microword. The timing is such 
that the next microwo~d is al .... vs being 
accessed from the ROM while the cu~rent 
mic~oword is executing, allowing the DP 
to ~un at maximum spe.d, 

----------~----~---I--~-------------------------~-----------~~ 
(continued on next page) 
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2909 SEOUENCER 

BUT MUX 
(Branch Microt.st 
Multiplexer) and 
CONDITIONAL 
CONTROL 

TIHINQ 

Table 4-11 (cont'd) 
Control ROM Basic Ele.ents 

The •• t 0' three 2909 Sequencer IC. 
provides the ten microprogram address 
line. to the ROMJ each 2909 supplies 4 
bits (2 bit. are curr.ntl~ unused). The 
2909 Sequencer controls and i •• ue. 
microprogram addresses in response to 
control .ignals in the current microword 
(Pipel ine Reg i .ter >. Under.i croword 
control, the 29095 can cause the 
microprogram to continue From one 
instruction to the next. Jump. Jump to a 
subroutine (while •• ving the next addre.s 
on an internal stack;, and return From 
subroutine (Jumping to an address saved 
on the internal stack). 

The BUT MUX allows the microprogram to 
select one of 32 conditions For te.ting. 
for the purpose of modifving the 
sequencing of microinstructions. The 
output of the BUT MUX feeds the SEOUENCER 
CONDITIONAL CONTROL logic, which, when 
enabled by the microword, either blocks 
or p ••• es the microcoded .equencer 
command. to the 29095. A condition i. 
tested (via BUT MUX selection) in one 
.icroinstruction, and in the next 
.icroinstruction a conditional sequencer 
operation (tvpicallv a JUMP) is invoked, 
.peci'ving the ~.en.e~ 0' the condition 
being tested. Then, i' the condition 
tested was in one state, the JUMP will be 
executed and microprogram control will be 
transferred· to another location. I' the 
condition was in the other .t.te, no JUMP 
occurs and the microprogram continues in 
.equence. 

The DP receive. the Video Bus backplane 
.ignal BCLK (Bus Clock) to derive all of 
its timing. BCLK is a square wave with an 
BOns period. A flip-'lop, SCLK, divides 
this by 2 to obtain a signal with a 
p.riod 0' 160 ns, the basic cvcle ti •• of 
the DP. BCLK is buffered and the 
r.sulting signal, BYSCLK, is distributed 
to the logic element. ~ithin the DP. 

4-35 



... 

UA <10: 00,.> ___ ---, 

ROM 
lKX4 

• • • 
ROM 
lKX4 

ROM 
lKX4 

• 
• 
• 

ROM 
1KX4 

ROM 
lKX4 

4 
4-BIT 
REGISTERS 
W/DUAL 
OUTFUTS 

REGISTERS 

SOURCE BUS 

2909 WE 

SEQF <1 :0> 

FE. PUP 
SEQC 
SENSE 

INPUT 
TEST 
SIGNALS 

BUT <4:0> 

R 

2909 
SEQUENCER 

D 

SYSCLK H 

UA <10:0> 
ADDRESS 
TO ROMS 

EN aBC TO QBUS CONTROL REGISTER ~E~N-:-D::::-B::-:C;::--- TO DBUS CONTROL REGISTER 

STRB <2:0> 

SRC <1:0> 

1<8:0> 

A <3:0> 

B <3:0> 

STROBE PULSES 
TO LSI·1 1 BUS 
& DBUS INTERFACES 

TO 2901 
BIT -SLICE 
MICROPROCESSOR 

SH <1:0> } TO ALU 
SHIFT & 
CARRY LOGIC CIS <1:0> 

"'\ TO 
SPR <3:0> f SCRATCHPAD 
SPW .., RA~Y1 

Figul'. 4-8 
Contl'ol ROM Block Diagl' •• 
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4.3.4.1 S •• ic Machine Cycle Ti.ing -

Ti.ing in the Displav Processor (DP) is referenced to the rising 
edge of the 160 nanosecond SVSCL~ aignal. The period of SVSCLK 
th.refore defin.s one .icrocvc1e, the ti.e it t.ke. to elecute 
one .icroinstruction fro. the Control RDM. SVSCL~ itself i. 
derived fro. the backplane Video Bua B CLK .ignal via a 
divid.-bV-2 flip-flop. Figure 4-9 illustrate. the timing 
.equence. 

At the rising .dge of SVSCLK, the Pipeline Register is clocked, 
loading it with data .cc •••• d from the RDM in the previous cvcle. 
After the regi.ter output. are .ettled, they begin ~cting upon 
the various ele •• nt. in the DP. So.e of the Pipeline Register 
output. control the 2909 sequencer. ~hich provide. the addre •• to 
the RDM for the nelt .icroinstruction. At about the h.I'~.V 
point through the cycle ('.lling edge of SVSCLK), the ROM address 
is valid and the ROM begins to present it. output to the inputs 
01 the Pip.lin. R.gister. BV the end 0' the microcycle, all 
operations .pecilied 1n the microword in the Pipeline Register 
are complete except 'or a flnal clock s1gnal. Th. clock signal, 
which cause. data to be stored, .uc·h 8S in the 2901A ALU 
circuits, is provided by the riSing edge 0' SVSCLK. Thi. 
siMultaneouslv terminate. one microcvcle and begin. the next by 
clocking the Pipeline Register. 

BCLK H 

SYSCLK H 

PIPELINE OUTPUTS 

ROM ADDRESS 

ROM OUTPUT DATA 

CURRENT MICRO· 
INSTRUCTION 
(PIPELINE OUTPUT) 

NEXT MICRO· 
INSTRUCTION 
(ROM ADDRESS) 

I+- sOns ----.J 

f f 

~ ~ 

~AX ~ 

n n + 1 

n+1 n + 2 

Figure 4-9 
Ba.ic Machine Cycle Timing Diagram 
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4.3.4 2 Microprogram Sequencing 

Words within the control ROM are numbered in sequence, beginning 
at I~ro and proceeding up through 1777 (octal). Normally, as in 
most processors, it is d~sired to execute ROM ~o~d. 
(.icr~instructions) in nu.erical order, proceeding fro. word N to 
N+l to N+2, .tc. This sequencing is provided for bV a "progra. 
counter" within the 2909 s.quencer circuit. Host 0' the ti •• , 
the current microinstruction specifies this .equential Mod. of 
operation (via the SEGF -- Sequencer Function -- field). In this 
mode, the ~909 program counter provide. an addr •• s to the ROM 
during the current microcvcl.. If this addre.s is N, ~. aav that 
the next microinstruction will be microinstruction N. At the end 
09 the current microc~cle, the one etecuting microinstruction 
N-l, microinstruction N is available at the ROM output. and i. 
clocked into the pipeline register to begin its .xecution. In 
addition, the 2909 program counter is incremented bV 1, to N+1, 
and begins accessing the ROM. 

Occasionally, the microprogram .ust break the .equential 
execution of instructions and tran.f.~ control to some other ROM 
location, .uch as N+l00. In the.. ca.es, the current 
microinstruction i. coded to caus. the 2909 to load a new valu., 
N+I00, into it. program counter. When this occurs, • "Jump" to 
location N+I00 is made, and execution proceeds from there. Th. 
new addre.s, N+I00, can be supplied from one of three place.. In 
a direct Jump. the new address i. supplied fro. the least 
significant 10 bits of the EMIT field in the current 
microinstruction. The Jump address can al.o b. taken 'ro. 
registers internal to the ~909. In on. ca.e, the addre •• can b. 
taken 9rom the internal Address Register, AR. This register is 
loaded in a previous microinstruction, from the SRC Bus of the 
displav processor, and that SRC data i. typically supplied from 
on. of the registers in the Scratchpad RAM. Th. addre.s data, in 
turn, was placed in the RAM by the 2901 ALU circuit via the DAL 
Bus. The third source of Jump address information is a pushdo~n 
stack within the 2909. Under microprogram control, the contents 
of the 2909 program counter can be "pushed" onto the stack. Thi. 
is done for a subroutine call, when it is desired to return to 
the nett instruction following the call. 

Figure 4-10 is • simplified block diagram of the 2909 arrav, 
which is composed of three 2909 ICs. Th. 2909 is controlled bV 
five bits in the microword as defined in Table 4-12. 

90me combin.tions of the sequencer function and stack control 
bit. listed above can be given familia~ names, as described in 
Tabl. 4-13. 
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Bit 

ARW 

SEGF 
<01:00>* 

Table 4-12 
2909 Sequencer Microword Control Bits 

Function 

Address Register Write-Enable. When this bit is 
.et, the data on the SRC bus is loaded into the 
2909 Address Register .t the end 0' the current 
II i c r o.c V c 1 •. 

Sequencer Function. This two-bit 'ield specilies 
the source 0' the new ROM address by selecting one 
of the four multiplexer inputs, as follows: 

SEGF 
(01:00> 

00 

01 

10 

11 

Function 
Name 

CONTINUE 

JMPR 

JMPS 

JMPE 

Address 
Source 

PC 

AR 

STACK 

D 
(EMIT) 

Action 

Jump to the location 
specified in the 
Address Register. 

Jump to the location 
.pecified in the top 
location on the .tack. 

Jump to the location 
specified in EMIT. 

File 
either 
bit. 

Enable. 
pushed 

When this bit is set, the staclc is 
or popped, •• specified by the PUP 

Push/Pop. When this bit i. 0 <and FE :II: 1), the 
stack is "popped"; the top taJord is discarded and 
the next word rises to the top. When PUP - 1 (and 
FE - 1), the cont~nts 0' the PC (microprogram 
counter) is pushed onto the stack. 

* The.e bits pass through a s.t 0' gates to allo~ their 'unction. 
to be "conditionalized" (negated il selected conditions are not 
met). 

A proce •• or i. ~orthle5S i' it cannot sense a condition .t hand 
and modi'v its program 'lo~ to take account 0' the state 0' that 
condition. There'ore, the microword provides control bit. to 
'acilitate "conditional" .equencer operations. Seven bit. in the 
micro~ord are used 'or thi. purpose, allowing a condition to be 
•• lected and then conditionaly Jumping, calling .. subroutine, Dr 

returning 'rom a .ubroutine. II the •• lected te.t condition doe. 
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not me.t the .elected criteria, the microprogram merel~ continue. 
in ._quenc.. The microword bit. thilt control the conditional 
se,u.ncer operations are described in Tabl. 4-14. Th. BUT HUX 
input signal. ilnd selection codes are presented in Table 4-1'. 

Some of the signals tested via the BUT HUX are ass.rted HIQH 
i. e.. the signal is asserted when it is in the logic HIQH state 
and negated when it is LOW). Other signal. ar. asserted LOW 
(negated state i. HIgH), Using the SNS (Sense) bit, conditional 
.equencer ilction can be taken on either pol.rit~ of either t~p. 
of signal, .s described in Table 4-16. 

SEGF<:I:0> 

00 

00 

00 

01 

01 

10 

10 

11 

11 

FE 

o 

1 

1 

o 

1 

o 

1 

o 

1 

Tabl. 4-\3 
Sequencer Control Bit Functions 

PUP 

o 

1 

1 

o 

1 

Sequencer Instruction 

CONTINUE (default condition) 

POP: Discard the address on the top 
of the stack and continu. in sequence 

PUSH: Push the current PC onto the 
stack and continue in se~uence 

~UMPR: ~ump vi. AR (Addres. Register) 

~SRR: ~ump to Subroutine via AR 

~MPS: Jump via Stack 

RTS: Return from Subroutine (~MPS+POP) 

JMP or JMP"E: ~ump Direct via EMIT 

~SR or JSRR: Jump to Subroutine vi. 
EMIT 

4-40 



BUT<04:00> 

SEOC 

SNS 

T.bl. 4-14 
Conditional Se~u.ncing Mic~owo~d Bits 

Function 

B~.nch-"icro-Te5t. This 5-bit field selects 
one of 32 conditions to be t.sted, ranging 
'ro. constants 0 (logic lo~) and 1 (logic 
high), through the status signals p~ovided by 

I 2901A ALU circuits (Carrv Out, F = 0, etc. >. 
Included ar. status signal. from the LSI-11 
Bus Interlace, the DBUS Int.rface, the VBUS 
(Video Bus), and sev.~.l 01 the DAL Bus data 
lines. The stat. 0' the select.d condition is 
stored in • "condition" 'lip-'lop, where it is 
.cted upon in the next microcvcle. Table 4-15 
pre.ents the sign.l. and selection cod ••. 

Enable Se~u.ncer Conditional. When this bit is 
.et, conditional sequencer operation is 
invoked. That is, the SEOF (01:00>, FE and PUP 
control bit. are either blocked Dr allowed to 
p •• s to the 2909 .equencer depending on the 
state 0' the te.t condition .elected in the 
previous microinstruction. If the SEGC bit is 
o (unconditional Se~uencer function), the 
•• ~uencer control bit. have their stat.d 
effect regardl... 09 the stat. of anv 
condition. 

Test .. S.n..... This bit .el.cts the •• nse, or 
polarity, 0' the te.ting operation, .electing 
the true or complement .tate 0' the condition 
Ilip-Ilop for d.t.rmining ~hether a condition 
is met or not met (true or false). When SNS -
0, (and SEGC - 1), the test is met (true) and 
sequencer action allowed if the test.d 
condition was a ·logic HIgH; if it was LOW, 
•• quencer action i •. blocked (program continue. 
in .equence). When SNS - 1 (and SEOC = 1) the 
te.t i. met and sequencer action i •• llo~ed if 
the tested condition ~a. LOW. 
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SRC <11:00> 

r--' 
.~--------------~ I i EMIT <11:00> 

I r~------------~ 
I I~A~R~W~ ________ ~ 
I • 

I r--, 
I
PUP

.. t--

~ '-
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

: I 
I I o 

IS EQ F J 11--____ -1 .... S 1 

I 1 ~ i-so 
L __ ...J 0 L __ J 
PIPELINE CONDITIONAL 
REGISTER CONTROL 

ADDRESS 
REGISTER 
(AR) 

AR F 

MULTIPLEXER 

jJPC 

Figur. 4-10 
2909 Sequ.nc.r Simplified Block Di.gr •• 

-. ~ 

4-WORD 
"FI LE" 
(STACK) 

0 

MICRO
PROGRAM 
COUNTER 
(jJPC) 

MR·53!50 

A shorthand notation can b. d.v.lop.d to b.tt.r follo~ th.
s.quencer op.r.tion. If XXX is u •• d to r.pr.s.nt _ g.n.ral 
•• qu.ncer op.r.tion, .uch a. ~HP, ~SR, Dr RTS, th.n the follo~ing 
notation can b. u •• d to d •• crib. condition.l op.r.tion: 

Notation 

xxx + HCT 

XXX + LCT 

XXX + HCF 

XXX + LCF 

Operation 

P.rform •• ~u.nc.r 
Condition ~.s tested 

.ction if .n ass.rt.d-High 
and it was TRUE (Highi. 

P.rform •• quenc.r action if .n •••• rt.d-LOW Condition 
~ •• t.st.d and it ~.5 TRUE (Lo~). 

P.rform sequ.ncer .ction if .n a ••• rt,d-HIQH 
Condition ~ •• t.st.d and it ~a. FALSE (Lo~). 

P.rform •• qu.nc.r action if an •••• rt.d-LOW Condition 
was tested and it was FALSE (High). 
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BUT(4:0> 
Octal 
Code 

0 

1 

2 

3 

4 

5 

6 

7 

10 

11 

12 

Table 4-15 
BUT HUX Signals and Selection Codes 

Signal Nam. 

QND 

+3VB 

VB HBLANI< L 

VB VBLANK L 

VB ODD FRM L 

VB STALL L 

RRPLV H 

STALL (1) H 

MSVNC L 

jS SW INTR L 

JS MATCH L 

DATA ADV L 

Logic 1 level (High) 

Video Bus Horizontal Blank signal. 
Asserted once per video scan line 
during horizontal retrace. 

Video Bus Vertical Blank signal. 
As.erted once per video field 
during vertical retrace. Used to 
tim. ..emory Clear and DNOP 
oper.tions. 

Video Bus ODD FRAME signal. 
Asserted in Interlaced mode during 
the odd numbered field. 

Video Bus STALL signal. For future 
expansion. 

Received BREPLV signal 'rom the 
LSI-11 Bus. 

Output 0' the STALL 'lip-flop in 
the LSI-II Bus Inter'ace .ection ·0' 
the DP. When clear, blocks DEV 
REFLY from passing to the bu •. 

DBUS Sync signal 'rom Image Hemorv; 
indicate.. that pixel writing can 
occur. 

DBUS Jovstick S~itch Interrupt 
.ignall indicate. that the switch 
on the .elected Jovstick channel 
has b.en pressed. 

DBUS Joystick Hatch signal; 
indicate. that the current pixel 
~riting position .atched the cursor 
coordinat.s. 

DBUS Dat. Re.dv sign.1 from H7061 
modulel indicat.s that cursor data 
is available on the the DBUS. 

-~------- --~----~------ -------------------------------------
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T.ble 4-15 (cont'd) 
BUT MUX Sel.ction Cod •• 

BUT<4:0)-' 
Octal Signal Name 
Code 

14 DATA AVAIL L 

15 BSPI H 

16 

17 

20 
21 
22 

23 

24 

EXT STOP (1) H 

VB NON-INT L 

SEL 0 L 
SEL 2 L 
SEL 4 L 

INWD L 

DEV REPLV H 

MASTER H 

ENA ST 

27 VECTOR H 

I 
I 

---------1---------------

De.cription 

DBUS Oat. Availabl. .ignal from 
Imag. Hemor~; indicate. that pixel 
data is available on the DBUS Data 
line during Pi •• l Readback. 

Spare DBUS st.tus signal. 

Flip-flop 
s.ction; 
the CPU 
reg i ster; 
gr.m to 
proce.sing 

in LSI-II Bus Inter'ace 
when .et, indicate. that 
wrote into • VSVll/VS11 

tested b~ the micropro
determine i' displav 

should be suspended. 

Video Bu. signal indicating that 
the Image Memories ar. operating in 
Non-Interlaced mode. 

Signala from the LS1-11 Bus Inter
'ace section indicating the de
coded state 09 the DAL 02 and 01 
linesl indicate which device regi
ster is being acc •••• d. 

Signal 'rom the DC 004 Protocol 
circuit indicating that a DATI bus 
c~cl. is b.ing reque.ted (to read a 
VSV11 reg i ster >. 

Signal 9rom the DC004 Protocol cir
cuit indicating that the VSVII i. 
being addr •• s.d 'or data tran.fer. 

Signal 'rom the DCOIO DMA Control 
circuit indicating that bus master
ship has b.en attained. 

Signal 'rom the DC003 Interrupt 
circuit indicating the .tate of its 
internal interrupt enable. 

Signal from the DC003 Interrupt 
circuit indicating that an int
.rrupt c~cl. is in progr.ss (i .•. J 

that the vector is being sent onto 
the LSI-11 Bus DAL lin •• ). 

---------~~--------------------------
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BUT(4:0)O 
Octal 
Code 

30 

31 

32 

33 

34 
3~ 

36 
37 

Sign .. l 
Polarity 

(A •• erted) 

H 
L 
H 
L 

Table 4-15 (cont'd) 
BUT MUX Sel.ction Code. 

Signal Name 

COUT H 

OVRH 

F15 H 

F-O H 

DAL 00 H 
DAL 07 H 
DAL 06 H 
DAL 09 H 

Carrv Out signal from the MSB o~ 
the 2901A ALU array. 

Arithmetic Overflo~ signal 'rom the 
MSD 0' the 2901A ALU arrav. 

Sign bit (HSD) of the 2901A ALU 
arrav· 

Signal 'rom the the 2901A ALU arrav 
indicating that the number at the 
output 0' the ALU is _Clua1 to zero. 

Table 4-16 
Conditional SeCluencer Action 

H 
H 
L 
L 

State 
As 

Te.ted 

(True) 
(Fal •• ) 
(Fal.e) 
(True) 

SNS 

0 
0 
1 
1 

The specified operetion is 
per'orm.d (i. e. , ~MP, ~SR, 

RTB, etc. >. 

-----------_ ... ------------ ----- ------~------------------------~ 
H H (True) 1 The speci'ied operation is not 
L H (Fal.e) 1 per'ormedJ the microprogram 
H L (Fel.e) 0 continu •• in sequenc e. 
L L (True) 0 

Figure 4-11 i. a microprogram flow diagram .howing the various 
sequencer operations. In the diagram, each block represents one 
microinstruction, executed .. ithin one microcvcle. Each blocic, in 
turn, i. divided into three .ection.. The top .ection .peci'ie. 
the Sequencer and Conditional 'unctions, the middle section 
.pecifie. ALU and data-path operations .nd the third .ection 
specifies a condition to be tested via the BUT MUX. 
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MICRO 
ADDR 

PROGRAM ~ 
ESS 100 ,~ 

CONTINUE 

COUNT +- 0 

-
101 ,. 
JMP + LCT 200 

COUNT +- COUNT + 1 

BUT (COUT H) 

-DATA READY 

102 , 
JMP + HCF 101 

(NaP) 

BUT (DRDY L) 

~ 

r4-

r4-

DATA 
READY 

SEQUENCER FUNC. & JUMP ADDR. 

DATA PATH & ALU OPERATION 

TEST CONDITION 

200 

CONTINUE 

Q +- Deus 

-CARRY 
OUT 

CARRY OUT 
(TIMEOUT ERROR) 

103 

JMP DRYTMO 

fNOP
) 

Figur. 4-11 
Microprogra. Flow Ex •• pl. 
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The program sequence shown is similar to that used for reading 
data from a cursor position register in a JOYSTICK channel. 
First, a register in the 2901 (COUNT) is initialized to serve as 
a "timeout" counter. Th.n a two-instruction loop is entered to 
test- the DATA READV L CDRDV L) signal while counting 
(incrementing) the counter. If the Low-true DRDV L condition is 
se.n, the loop is •• it.d ~ith a ~u.p to r.ad the data from the 
DBUB into the 2901 G-Regi.ter. If DRDV L i. not seen true before 
64K cvcle. through the loop have been made, COUNT is incremented 
to zero, a CARRV OUT of the 2901 occurs, and the program "'all. 
out" 0' the bottom of the loop. A ~ump is then made to a routine 
called Dat. Re.d~ Timeout CDRVTMO) to handle the error. 

4.3.4.3 Microword Format -

Figure 4-12 illustrates the format 0' the 64-bit micro~ord in the 
Control ROM. Shown also are the IC locations on the M7064 module 
where each of the 16 ROM circuits resides. Each bit Dr field has 
been described previouslV in terms o~ the specific logic area it 
controls. The figure provides a readv reference ~or the overall 
micToinstruction. 

For convenience, the 64-bit microword has been divided into 'our 
smaller 1o-bit words. Bits have been grouped into the 1o~ords 
according to their function, as follows: 

WORD 0: 

WORD 1: 

WORD 2: 

WORD 3: 

ALU Control and GBUS and DBUS Control Register 
Load-Enable 

Microprogram Sequence Control and Strobe-Pulse 
Selection 

Multipurpose EMIT Field: 

Ca) 16-bit Constants 

(b) Microprogram Branch Addre •• 

(c) OBUS Control Data 

(d) DBUS Control Dat. 
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WORD 0 WORD 

E46 E47 

- ....... +--, '--.--' -' --".- --~T----"~-------Y+--------~ 
ALU 
SOURCE 

ALU 
FUNCTION 

ALU 
DESTINATION 

aBUS CONTROL REG. 
LOAD-ENABLE 

DBUS CONTROL REG. 
LOAD-ENABLE 

ALU CARRY INPUT SELECT 
0=0 
1 = 1 
2 = SAVED CARRY 
3 = -SAVED CARRY 

2901 SHI FT -LINKAGE 
CONTROL 

0=0 
1 = 1 
2 = ROTATE 
3 = ARITH. SHIFT 

l 
2901 
REGISTER 
SELECT 

SCRATCHPAD 
REGISTER 
SELECT 

SCRATCHPAD 
WRITE 

SRC BUS SELECT 
0= SCRATCHPAD 
1 = EMIT 
2 = DBUS 

DAL BUS SE LECT 
0=2901 
1 = DCOO5 

Figur. 4-12 
M70b4 Di5play Proc.5sor Hicroword Format 

(Sh~.t 1 0' 2) 
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I 
15 

E33 

T 

STROBE 
SELECT 

V 
11 

P 
U 
P 

WORD 2 

E39 E34 E32 
v \I 

1 0 09 08 07 06 05 04 

S 
F SEOF E 
E 1"\ y 

C 

S W N E S 
BUT 

TEST 
CONDITION 

\ 

00 

l
' T 

TEST "SENSE" 
(POLARITY) 

- 2909 AR 
'NRT E"" L .... ". 

ENABLE 
c:t:n"t:I\'f'CO 
"""'~'-''-I'',",'"'' l CONDITIONAL 

SEQUENCER 
FUNCTION 

0= CONTINUE 
1 = JMPR 
2 = JMPS 
3 = JMPE 

..... FILE ENABLE 

WORD 3 

E50 E36 E37 E38 
I " V \I \ 

f5: .: : : : ~MI~ ~15::00~ : : : : :°°1 

fO: : B:RA:NC~ A~D~E~S: : 00
1 

OBUS I 
CONTROL I 

15 14 13 12 11 08 
0 I I I 
W 0 C R 
R A L a SEL DBUS CONTROL 

T L R 0 I 

..... PUSH/POP 2909 FILE 
0= POP I • 
1 = PUSH STRB 

2 1 0 STROBE PULSE 
o 0 o 0 -
1 0 o 1 PULSE 00 
2 0 1 0 SET STALL 
3 0 1 1 CLK STALL 
4 1 o 0 SET STOP 
5 1 o 1 CLK STOP ENA 
6 1 1 0 -
7 1 1 1 CLR DC010 

Figul'. 4-12 
M7064 Displ_v Pl'oc ••• o~ Micro~ol'd Form.t 

( Sh •• t 2 0' 2) -
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4. 4 MICROPROORAM OVERVIEW 

Figu 'e 4-13 is a simplified flo~ diagram of the Displa~ Processor 
micrJprogram. The 'ollo~ing paragraphs describe the general 
op er(:.lt ion. 

4.4.1 Initialization And Self-T .. st 

The first block 0' the diagram indicates the Displa~ Proce.sor's 
Initialization and Self-Test action. This block is entered upon 
the occurence of the LSI-I! Bus INIT signal or upon writing 
100000 (octal) into the DYR register. In this block, various 
2901A and Scratchpad registers are cle.red or initialzed to a 
preset value. Then, tests are performed to check thlP basic 
intIPgrit~ of the s~stem: DBUS and VBUS status lines are checked 
for a "hung" condition (indicating a ShOTt or open circuit) and 
the OBUS Data lines are all tested ~ith a count pattern. If an~ 
error is d .. tected, the initialization se~uence is aborted and a 
Jump to the appropriate ErTor Stop routine is made to set an 
error code into the eSR Tegister. 

Assuming all tests are passed, the microprogram proceeds to cllPar 
the registers in all available Sync generator/Cursor Control 
channels (to disable interupts and turn off thlP cursor) and sets 
all Image Memory channels to Write-anl~ mode. ThIPn, a utilit~ 
subroutine is called to clear 811 Image Hemories to zero (black). 
Finall~, the program exits to the Idle-Stop block. 

4.4.2 Idle-Stop Se~uvnce 

In thlP Idle-Stop section of the program, the microprocessor 
synchronizes itsIPlf to the LSI-II Bus in preparation to handle 
a c c e s s • s to its d • vic" 1''' g i s t e r s. Up on IPn tr V to I die -St 0 p , t h • 
microprogram is in the BusV state, with the STALL 91ip-'lop set 
to allo~ automatic REPLV to register accesses. In order to 
service register accesses, the STALL flip-flop must be clear, to 
block rvplies until the requested action has blPen serviced. In 
addition, a pending interrupt re~uest must be posted (assIPrted on 
thlP LSI-l1 Bus) at this time. 

First, thlP FLAGS rRgister in the 2901A is examined. If IPither 
the REG A or REG B bits are .et, the appropriate bit in the OBUS 
Control Register is set to request the interrupt. Then, the 
STALL flip-flop is clocked (~ith the CL~ STALL strobe puIs.); 
the d.t. input to the flip-flop is the DEV REPLY signal. STALL 
is thlPn testIPd. If it is set, the CPU ~as trying to access a 
device registerJ there'o",e STALL muat be clocked again. The 
microprogram loop •• clocking and testing STALL, until it clears. 
It then proceeds to the ldie Loop to await action from th. LSI-it 
Bua, assured that the program i. prepared to service an~ actions. 
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4.4.3 Idle Loop 

In the Idle Loop. the microprogram continuallv tests < the DEV 
REPLY signal. While it is waiting. it allows LSI-II Bus BDAL 
data to be gated onto the internal DAL bus; this allows the 
DC004 Protocol circuit to decode address bits 1 and 2 for 
register selection. 

DEV REPLY can be asserted either by a register access or by 
gaining control of the LSI-II Bus for an interrupt cycle. When 
DEV REPLY is seen, the VECTOR H signal is tested. If it is 
aS5erted, an interrupt 5ervice routine is entered to allow gating 
of the interrupt vector onto the LSI-II Bus. After the interrupt 
cv cle is complete, the appropriate bits in the OBUS Control 
Register and FLAQS register are cl.ared and the program returns 
to the Idle Loop via Idle Stop. 

If the VECTOR H signal was not asserted. the DEV REPLY is for a 
register access. The microprogram first determines whether the 
access is for a DATI (Data In, CPU trying to read a V9Vll/VS11 
register) or for a DATO (Data Out. CPU trying to write into a 
VSVI1/VSll register). A microprogram branch is taken 
accordingly. 

4.4.4 nata Out Se~uencR 

In the nata Out routine, the microprogram takes the data from the 
LSI-11 Bus and loads it into the Scratchpad register MBUF. It 
then copies MBUF into the 2901A Q-Register. It then test. the 
SEL 0, SEL 2 and SEL 4 signals from the Protocol logic to 
determine which register is being accessed. A microprogram 
branch is taken to one of four routines, corresponding to the 
four device registers. 

If the access was for a write into the DPe (SEL 0 asserted), the 
WRTDPC routine is entered. First. the STALL flip-flop is set to 
cause BREPLY to be sent onto the bus. Then, bit 0 of the 
O-Register is·tested to determine if a Start or a Resume is to be 
performed. If Start. the data i~ the O-Register-is copied into 
DPC. Various housekeeping actions are performed (load current 
Memory Management registers. etc.). Finally. a Jump to the 
Redispatch routine is made to begin di~play file processing. 
Upon exit. the STALL flip-flop is allowed to remain set. The 
microprogram is now in the BusV state. 

If the access was 'or a write into the DSR register, the data in 
the G-Register is tested and the appropriate fields written into 
the selected internal register. A,ter the data is written, STALL 
is set (to cause BREPLY) and an exit back to the Idle Loop is 
made. The WRTDSR routine does not cause the DP to go BusV. It 
also handles its own bus synchronization. 
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If the DXR or DVR i. b.ing .ritt.n, the DP go.. Bu.~ .ft.r 
setting STALL and proce.d. to d.cod. the upper bit. of the 
~ritten data to determine ~hat action i. to be t.ken. A,ter the 
appropri.te function ha. b.en perform.d, return to the Idle Loop 
i. mad. vi. Idl. Stop. 

4.4. S Oat. In S.quenc. 

If a DATI i. b.ing re~ue.t.d, the program gate. the d.ta fro. the 
•• lect.d regi.ter onto the intern.l DAL bu., .et. the TXMIT bit 
in the OBUS Control Register (to cause the data to be driven onto 
the LSI-11 Bu. BDAL lines> and then s.ts STALL to cause BREPLY. 
It then waits for DEV REPLY to negate, indicating that the CPU 
has taken the data. Finallv, it cl.ar. STALL and returns to the 
Idl. Loop. 

4.4.6 Displev Proce •• ing 

Displav-'ile proce.sing begins ~hen the DPe register is ~ritten. 
The entrv point is a routine called Redispatch. Redispatch use. 
the microprogram addre ••• tored in the ~QINST Scratchpad regi.ter 
to Jump directlu to the routine respon.ible 'or proce.sing the 
displav 'ile. Ther. is on. such routine 'or ear, Qraphic Mod. 
instruction. 

Upon initialization, the ~OINST register i. load.d ~ith the 
address of the Character Mode routine. Ho~.v.r, •• proce.sing 
progres.es, other graphic mode instructions ar. fetched and caus. 
~OINST to b. updated to point to the new instruction processing 
routine. 

From Redispatch, the appropriate Oraphic Mod. routine ia entered. 
The Oraphic Mode routine first calls the FNEXT subroutine to 
fetch the next ~ord from the displ.V fil., using the content. of 
DPC as the virtual address. Be'or •• 'etch i. begun, however. 
the FNEXT routine test. for an External Stop condition or • 
~ovstick Switch interrupt. If either of the., ar. pre.ent, 
displ.V processing halts and the progr •• returns to the Idl. Loop 
via a Stop .equ.nce, ~here interrupts ar. posted. 

Assuming that no stopping condition was detected, FNEXT retrieve. 
a word fro. memory bV calling the FETCH utility subroutine. The 
word is then tested. If bit l' is zero (0), the 'word i. a 
Oraphic Hode d.t. word, .0 a return to the caller i. m.d.. If 
bit 15 of the me.oru ~ord i. one (1), the word is interpreted •• 
an instruction. 

When an instruction word i. fetched, the Op-Code is decoded to 
de~ermine if l~ is a Graphic Mode instruction or a Control or 
Special instruction. If it is a graphic Hode instruction, the 
~QINST register is updated and then us.d as • dispatch address to 
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the new g~aphic Mode Toutine. I' the instruction is a Control or 
Special instruction, JOINST is not .odi'ied, but. disp.tch 
address is 'orm.d (bV .anipulating the Op-Code bits) and the 
appropriate proc.ssing routine is entered. A'ter the Control or 
Special instruction is executed, control returns to the current 
Oraphic Mode routine via Redisp.tch. An exception to this is i' 
the Control instruction ..... a STATUS A which speci'ied a Stop, in 
... hich c •• e the proce.sor returns to the Idle Loop via the stop 
s.qu.nc e. 

4.4.7 Utility Subroutines 

The microprogram contains a large number 0' subroutines called 
'rom tVPic.llV manv place. in the main bodV 0' Microcode. There 
are rout in •• to rotate bits within registers, write data into the 
register. in the Image Memories and Svnc generator/Cursor Control 
Modul.s. per'orm DHA cvcl •• to 'etch or store data into host CPU 
m.mor~. manipUlate the H.morv Hanagement ~.gist.rs: ~rit. pileI. 
into Imag. M.morv, draw vectors. and per'or. various housek •• ping 
ta.k •. 
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Figur~ 4-13 
Microprogram Ov,rvi.w (Sh •• t 1 D~ 2) 
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DISPATCH ADDRESS 
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(POINT, VECTOR, ETC.) 
CALL F ETCH"":-NEXT ROU-TI NE 1---------..., 
I!EJ~FLNJE.Q.A.1~ _____ _ 
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ADDRESS FOR 
REDISPATCH 

(CONTINUE PROCESSING 
THRU CURRENT 
GRAPHIC-MODE PROCESS) 

Figur. 4-13 
Microprogram Overview (Sheet 2 of 2) 
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CHAPTER 5 

M7062 IMAGE MEMORY TECHNICAL DESCRIPTION 

5. 1 INTRODUCTION 

The M7062 Im~g. Memory module CH7062) contain~ thirtv-twD 1~~ X 
I-bit Random Access Memories (RAMs) for storing data to be 
displayed on the video screen. Up to 16 colors of red, green, 
.nd blue combinations, Or 16 shade. of grey (intensitv levels), 
can be .tored in memory. The H7062 is the memory module for the 
VSV11/VS11 Graphic System. The M7062 receives its timing from 
the Sync generator/Cursor Control module (M7061) vi. the 
backplane Video Bus (VBUS) and it receive. data from the Display 
Processor (M7064) via the daisy-chained Data Bus (DBUS) cable. 
When requested, the data stored in the M7062 is sent to the 
digital-to-analog circuits (DACs) in the Sync Generator module to 
provide the composite video out. 

5.2 GENERAL DESCRIPTION 

The M7062 memory resembles a Cartesian coordinate system; that 
is, video data is stored in a specific X-V address. Data is 
normally being read out of memorv as the display scan proceeds 
across the video screen.· Horizontal and Vertical counters keep 
track of the scan position (address). These counters receive 
their clock and load signals from the Svnc generator module, as 
shown in Figure 5-1. The horizontal and vertical position of the 
scan is pre.ented to the Read/Write Multiplexer ~hich present. 
this address to the memory. The data in memory at that address 
is loaded into a Shift Register, then into a latch, to become 
video data out. 

The load register signals, the write re~uest, and data are 
received From the Display Processor via the Data Bus (DBUS). 
This bus is • 40-conductor ribbon c.ble th.t conn.cts to th. Berg 
connector on each M7062 module in the system. The D Select 
Multiplexer decodes the load register signals 'rom the DisplAY 
Processor. One of these lOAd signals is u.ed to •• lect the mode. 
The modes used most often enable the write logic <Mode W, 
allowing the Display Processor to write into the memory) and/or 
the read logic (Hode R, causing the data stored in memory to be 
read out to the monitor via the DAC on the M7061 module>. 
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Figure 5-1 
M70b~ Image Memory Block DiAgram 
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When a write to memory is desired, the data (color/intensity) is 
loaded into the Data Latch. This can be data for a point, series 0' points (vector), graph, histogram, etc. The address is then 
load~d into the X and Y Register.. This can be done at any time 
.as -the d.ata is not written into .nemory until a WRITE signal come. 
from the Display Processor. The signal, in conJunction with. 
Write Sync condition, allows a writ. pulse to the Write ROMs. 
The Horizontal and Vertical Counters are disabled .t this time, 
and the address information come. from the X and Y Register •. 
When the WRITE signal is removed by the Display Proce.sor, the 
Read/Write Multiplexer once again gets ita address information 
from the Horizontal and Vertical Countera. 

The Control ROM is the main timing generator within the M7062. 
It uses the system clock 'rom the Sync generator module ~nd the 
three least-significant bits from the Horizontal Counter as 8 
time 5 tat est 0 c rea t e the tim i n g s i 9 n a 1 s. On eo' its 0 u t put sis 
a SYNC pulse to synchronize a write to memory from the Display 
Processor. The Control ROM also controls the Read/Write 
Multiplexer, the Write ROM, and the Shift Registers. 

The M7062 has the following configuration considerations (refer 
to Chapter 2 for configuration and setup details): 

Each M7062 is switch 
Interlaced memory, or a 

selectable as a 512 X 512 X 2 
512 X 256 X 4 Non-Interlaced memory. 

Each M7062 accepts either 2 or 4 of- 8 switch selectable data 
input lines from the nata Bus (D BUS (09:02». 

Each M7062 transmits either 2 or 4 video data bits to the 
DACs in the Sync Generator module sefecting from eight video 
output data lines to the Video Bus (V DATA (7:0». 

Up to ~our M7062s, con~igured in two groups 0' 4-bit 
memories, can be inst~lled in a dynamic configuration using 
one Sync Generator mudule. 

All M7062 modules must be con'igured as either Interlaced or 
Non-Interlaced to match the configuration of the Sync 
Generator module. 

5. 3 SYSTEM CLOC~ 

The system clock for the M7062 is generated by the M7061 Sync 
gener .. tor . module. This is .. 12.6 MHz clock (B eLK) flro", the 
Video Bus, .5 shown in Figu~e 5-1. B CLK L is received f~om the 
Video Bus and inverted to SYS CLK H fo~ the M7062. This clock is 
directly or indirectly used by the Horizontal Counter, the RAM 
memo~ies, Shi,t R~gisters, and th~ Video Output Latch. With this 
clock, video is displayed for .11 512 horizontal locations in 
memorv, as shown in Figure 5-2. 
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60 HZ: (0,239) 
50 HZ: (0,255) -

~----------------------------, 

VIEWABLE AREA 

Fi gure '5-2 

SYSTEM CLOCK (B ClK) 
LIMITED BY HORIZ COUNTER 

MR·1208 

Viewable Area 09 Video ScrRen 

5.4 HORIZONTAL AND VERTICAL COUNT:RS 

The Horizontal and Vertical Count~rs kRep track 0' the X and V 
address of the video scan. The Vertical Count.r is load.d by the 
V BLAN~ L signal from the S~nc Gfnerator module. At 60 Hz this 
counter is loaded to 240. At !iO Hz it i. loaded to zerOJ this 
represent. a count of 256. The 'Jertical Counter count. down from 
thes. values after each scan when H BLANK L goe. high. 

SYS elK H (Figure 5-3) .ynchron~ze. the H BLANK L signal and 
provides a CLEAR signal, at the same time, to the Horizontal 
Count.r. The Horizontal Count~r counts up with each SVS CL~ H 
pulse. 

D MEM CLK L, fro. the H7064 Djsplay Proce •• or, is clocked into 
the HO bit 0' the Horizon~.al Counter with SYS CLK H signal to 
.nsure that the M7062 and the H7064 are in pha •• before starting 
to count. 

The C OUT X (Carry Out 0' Xl signal dis~bl.5 reading out o~ 
memory a,ter the Horizontai Counter counts up to 512. Th. CLR X 
L signal clears this conditi)n and allo .... reading 9rom m.mory 
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The thr •• lea.t .igni'icant bit. 09 the Horizontal Counter are 
•• nt to the Control ROM to gener.te 8 time st.t •• within the ROM. 
The remainder 0' the output. 'rom the Horizontal and Vertical 
Counter. ar. sent to the Read/Writ. Multipl.xer, as addre •• 
in'or •• tion, while re.ding 'rom •• morv. 

During a •• mory cl.ar oper.tion, the Horizontal and Vertical 
Counters .re u.ed to acces. all .emor, locations so the, can be 
cle.red to zero or som. other data value. Onlv active scr.en 
line. are cle.red b, the CLR 'unction. 

60 HZ H 
(50 HZ LI 
(DM1,DM2) 

FROM V BLANK L 

-
-
- VERTICAL 

COUNTER 

V7 .-

TO R EADIWR ITE 
MUL T!PLEXER 

Vl : va 

SYNCGENERATOR-(D-F-l-D-F-2-)----------~ 
MODULE ' 

FROM 

COUTX TO VIDEO r-----------. STOP LOG IC 

HORIZONTAL 
COUNTER 

LD. CLK 

HS 

I TO READIWRITE 
MUL TIPLEXER 

H4 
t---....;H....;..3~-·- ) 

H2 

Hl 

DI~PLAY 0 MEM CLK L 
PROCESSOR -----..;;.....--+-------........... 0 

TO CONTROL ROM 
(S TIME STATES) 

FROM VIDEO 

SYS ClK H 
(B CLK H) 
---------~--------~~C 

O·TYPE 
F/F 

STOP LOGIC _C....;;l_R_X....;L~ _____ L...-__________ .......J 

Figure 5-3 
Horizontal and Vertical Counters 
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~. S READ/WRITE MULTIPLEXER 

The P.ead/W~ite Multiplexer takea the ho~izontal and ve~tieal 
add~ •• a in'ormation and alte~natel~ tl·ansfe~a this in'o~mation to 
the RAM me.o~iea. Aa illuat~ated in Figu~e S-4, each .ultiple.er 
haa a II •• lect (SEL) n input and an "output enab 1. (DE)" input. 
Th. ~o~ o~ column select signal alternatel~ aelecta the X ADDRESS 
liB" then the Y ADDRESS IIA'· inputaJ' that is, the HORIZONTAL 
ADDRESS IIS" then the VERTICAL ADDRESS IIAII. The output enable 
aign.l, ENABLE READ L, •• leet. _hleh multiple.er is in operation. 
Du~ing a read, the RAM addre •• ia ~eceiv.d 'ro. the Horizontal 
and Ve~tical Counte~.; du~ing a ~~ite, 'rD. the X and Y 
Registe~s. The output address, RAM AO--RAM A6, is aent direct1v 
to the RAM memorie •. 

FROM 
XANDY 
REGISTERS 

FROM 
HORIZONTAL 
AND VERTICAL 
COUNTERS 

Y ADDRESS 

X ADDRESS 

VERTICAL 
ADDRESS 

HORIZONTAL 
ADDRESS 

WRITE 
MUX 

2 LINE 
TO 1 LINE 
MUX 
B 

READ 
MUX 

RAS DATA CAS DATA 

FROM 
CONTROL ROM 

ENAB LE READ L 

Figure 5-4 
Re.d/W~ite Multiplexe~ 
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~.6 RAS AND CAS MEMORY ADDRESS 

Row Addr ••• Strobe (RAS) .nd Column Addr ••• Strob. (CAS) ar. two 
.n.bl. puIs •• to .It.rnat.lv clock th. ro~ .nd column addr.ss 0' 
th.-vid.o .c.n position into •• morv. During a r.ad op.ration, 
this addr... co... '1'0. the Horizontal and Vertical CountersJ 
during a ..,rite op.r.tion, '1'0'" the X and V R.gisters. The 
sources 0' the RAS and CAS addre5se. are as shown in Figure 5-5. 

VERTICAL COUNTER 

. I V7 • V8 i V5 : V4 . V3: V2 I V1 ! vo I 
'1'1'1'1'1' I' I' C 

1 
I I I I , T I I CAS 

I I I I I I I 

HORIZONTAL COUNTER 

I I I I I 
H8 ! H7 . H8 . H5 I H4 I H3 I 

I I I I I I 

I I RAS I 
I I I I 

H2 ! H1 . HO I 

I 
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YO 

: 
TO CONTROL 
ROM 

(8 TIME STATESI 

I I I I I I I I I I , 

Yl ! YO I Yll i Yl0 i Y9 i YB i Y7 i Y6 i Y5 i Y4 i Y3 i Y2 i 
I I I I I I I I I i 

I 
X2 

XI : 

TO 
WRITE 
ROMS Y REGISTER 

I r 
I I I T I 111 I I I I I I 

XO I EDGE DETECTOR Xl1 I Xl0 I X9 I X8 I X7 I X8 I X5 I X4 I Xl I X2 I Xl I 
iii I I I I I I I I 

X REGISTER 

"""·11" 

Figure S-5 
RAS and CAS Memorv Address 
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5. 7 MEMORV AND SHIFT REQISTER 

The-M7062 memorv consist. 0' thirty-two 16K X 1-bit RandoM Access 
Memor, (RAM) integr.ted circuits ••• hown in Figure ~-6. The 
me.orv is switch .electable •• either ~12 X 256 X 4 bits or S12 X 
2 bit.. Each memory chip use. the RAM ADDRESS line. and the RAS 
(row) and CAS (column) address strobe inputs. Each .emorv chip 
has its own write input. The memory data. RAM DATA IN. supplied 
bV the Data Latch, r.pre~ents up to 16 possible combinations 0' 
color or intensitv levels. 

As the memory is accessed b, the row and column address. the d.ta 
in memor, is presented to one 0' eight parallel inputs to a Shi,t 
Register. When the LOAD/SHIFT input i. 1 o \It , the data is loaded 
into the shift register and when high. the data is .hifted by the 
B ClK LATCH puIs. which is a function of the SVS eLK. It take. 
eight clock pulses to completely shift out the data 'rom the B 
parallel RAMs. 

LOAD/SHIFT PARALLEL LOAD RAM OA --TAOUT 

- -
SHIFT 0-3 

B ClK LATCH_ REGISTER 
(1 OF 4) 

t fllllll 
RAM DATA IN ~ +5V 

~ INPUT FROM 
0-3 WR 4> 

8 RAMS 

~ () 
OUT DATA IN WRITE 

16 K X 1 RAM 

(1 OF 32) 

RAS 9 ~ 4 • ~ • 
CA? .. -RAM ADDR 6 --

1 
:.. .. TO OTHER 
:. RAMS I -

RAM ADDR 0 I I .. 
I I I -

TO OTHE R RAMS 
MR·1212 

Figure 5-6 
MwffiOTij and Shi,t RRgister 
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S.B VIDEO DATA OUT 

Th. date from the four memor~ Shift Registers (RAM DATA OUT> is 
clocked into a latch. This data goes through a .~itch pack to 
the Video Bus, as shown in Figure 5-7. The ••• witches •• t up the 
num~.r of bits deep of .emor~ <either 2 or 4) for Interlaced or 
Non-Interlaced mode. They also determine which data lines are 
selected a. inputs to the DACs in the Sync Qenerator module. 
Refer to Chapter 2 for the configuration of these switche. to 
en.ble the desired output. 

During Interlaced mode. the Signal OUT HI BYTE H (from the 
Interlace ROM) is- low for half the s"ste. clock time, di.abling 
the upper two data bit.. When this happens, the .ignal OUT LO 
BYTE H is high and enabl •• the lower two data bits from memory to 
be placed on the Video Bus. When the signals change st.te, the 
upper two data bits from memory are enabled and are placed on the 
same V DATA lines of the Video Bus. 

FROM 
MEMORY 
SHIFT 
REGISTER 

C OUT XL 
V BLANK L 

D CLR L 

FROM 
WRITE 
ROM 

RAM DATA 
OUT 3 , 

RAM DATA 
OUT 2 

DATA 
LATCH 

RAM DATA 
OUT 1 

RAM DATA 
OUTO 

I 

VIDEO STOP LOGIC r------, 
~- I 

I~I I 

-i-CiL/ I 

I L ______ .J 

OUT HI BYTEH 

OUT LO BYTE H 

I 

, 

~ 
- r 

--

'" --

'" ~ 

Figure 5-7 
Video Data Out 
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During Non-Interlaced mode, the signals OUT HI BVTE H and OUT LO 
BYTE Hare .lways high, enabling data onto 90ur V DATA lines 09 
the Video BUA. 

Video output is disabled during video blank time or a9t.r the 
Horizontal Counter has reached a count 0' 512 creating the C OUT 
X L signal. Th. video output is also disabled during D CLR L 
(from a Clear instruction). 

5. 9 DATA BUS (DBUS) 

The M7062 receives its displav data and control signals vi. the 
Data Bus. This bus is a 40-conductor ribbon cabl. connected 9rom 
the Displ.~ Processor module, to each Memory module and each 9~nc 
Generator module. Signals on this bus include the ~ollowing: 

1. D BUS data lines (12 line.): image coordinate 
address; data for writing into memory; and mode select 
or status in90rmation (D BUS (11:00». 

x, V 

2. Data Select lines (4 lines): D SEL <03:00> provide up 
to 16 binar~ coded signals 901' controlling dat. 
transfers and loading the registers. 

3. Writ. Control line. (2 lin.s): Lines. tr, control the 
timing of data transgers. acros.s the Data Bus (B SYNC L 
from the M7062 and D WRITE H to the M7062). 

4. Clear line (1 line): D CLR L clears all write-enabled 
M7062 modules install~d on the bus. 

5. Pixel Read-back lines (2 lines): These lines control 

6. 

reading data back from memory (to the Display Processor) 
at specific pixel locations (D RGST DATA L and DATA 
AVAIL LL 

Cursor Interrupt lin~s (2 lines):" A 
interrupt and a Cur,or Match· interrupt. 
not used b'J th. M70{)2. 

~o~stick Switch 
these lines are 

The M7062 uses 3-state drivfrs to drive B RAM DATA 03-00 onto the 
Data Bu. to T~turn rvq.ues"ced data back to th. Display PrOCes.Aor 
during pixel readback. 
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5. 10 D SELECT MULTIPLEXER (DECODER) 

The select input signals 'rom the Display Processor, D SEL 00, 
-01, and 02, are decoded by a 3-line-to-8-1ine Multiplexer, as 

shown in Figure 5-8. The signals D SEL 03 and D PULSE 00 are 
enable signals. The .ultiplexer outputs, listed in Table 5-1, 
are mutually exclusive. Only one output is enabled ~h.n the 
Display Processor issues the D PULSE 00 L signal. These outputs 
en.ble data to be loaded 'rom the Display Procesaor into the X 
and Y Address Registers, the D.t. Latch, or the Mode Select 
(STATUS SA) Logic. The LOAD STATUS BA 'unction must be enabled 
by the correct memory channel address, appearing on DBUS bit. 11 
and 12. 

The SWITCH L signal allows read/write switch selection between 
memory channels for implementing dynamic (moving) displays. Thi. 
signal facilit.tes handling a re.d from one M7062 memory while 
altering data in another M7062. Upon the command SWITCH, the 
role 0' each memory is interchanged, and video data is taken 'rom 
the memory with the new data. 

0 (SPARE) 

{ 

D SELOO 

SELECT D SEL 01 
INPUTS 

(SPARE) 

D SEL 02 

r D PULSE 00 
~I\.IA~I ~ 

~~PU;'S- i +3 V 

l DSEL03 

2 LOAD X L 
} TO X AND Y WRITE REGISTERS 3-UNE 

TO 3 LOAD Y L 
a-LINE 

MUX 4 LOAD STATUS SA L TO MODE SELECT LOGIC 

5 LOAD DATA L TO DATA REGISTER 

6 SWITCH L TO MODE SE LECT LOG Ie 

7 (SPARE) 

MR·1214 

Figure 5-8 
D Select Multiplexer (Decoder) 
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Table 5-1 
o Select Multiplexer Functions 

Enable S.lect Inputs 
D BEL 03 D SEL 02 01 00 Output Function 

H X X X Non. (All Outputs Disabled) 
1----------·------------------ ----~---------------------------

L L L L Spar. (not us.d) 

L L L H Spare (not used) 

L L H L LOAD X L 

L L H H LOAD V L 

L H L L LOAD STATUS BA L (Status C) 

L H L H LOAD DATA L 

L H H L SWITCH L 

L H H H Spare (not used) 

5.11 DATA LATCH 

When a write to m.mor~ is desired, data is loaded into the Data 
Latch, shown in Figure 5-9. This data comes 'rom the Display 
Processor via the Data Bus. Depending on whether the M7062 is 
set up for an Interlaced or a Non-Interlaced mode, this data may 
b. either 2 or 4 bits and m.~ r.present up to 16 colors or 
intensity variations. Th. switch pack is set to accept the 
desir.d Data Bus lines in the s.lected mod.. R.'.r to Chapter 2 
for proper switch selection. 

The data may be loaded into this latch at anv time. It is held 
her. until another LOAD DATA pulse come. along. The data mav 
also stay in the Data Latch 'or. series 09 "X, V" locations 
which may repr9 •• nt _ vector, shading a graph, or clearing the 
memory to a speci'ic data value (or color). 

The signal CLR H will clear all M7062 modules that are write 
enabled. It will force all zeros into memory as long as D BUS 05 
i. high. If D BUS 05 is low, CLR H will clear all memorv to the 
data storvd in the Data Latch; this may be one speciPic color, 
such as green, or one intensity. The DisplaV Processor will 
generate a clear •• qu.nce during its initializing routine a,t.r 
swtting all M70b2 module, to the writ. mode. R_fer to P.r.graph 
5.16. 
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D BUS 02 H_"f'-'O 

LOAD DATA L 
(FROM D SELECT 
MIIV\ I ~I ____ .---..1 I' ,~'" 

1"". ,., I I 
\."Ln n 

D BUS 05 H 

Figur. 5-9 
I _.L _ a.. ...... '" .. 
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DATA 2 (0) H 

--.. DATA 1 (0) H 
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5. 12 X AND V REQISTERS 

The addre.s for the data to be ~ritten into memory i. loaded into 
the X and V Registers, .ho~n in Figure 5-10. The addre.s is 
loaded ~ith a low-to-high tran.ition 0' the LOAD X, or LOAD V, 
pulse 'rom the D-Select Multiplexer. This address is pre.ented 
to the Read/Write Multiplexer, but it i. onl" enabled to memorv 
during a write cycle. 

Address li~e. in excess 0' the viewable are. 0' the video screen 
are sent to 'an edge detector to prevent wraparound; for elample. 
if the Display Processor is calculating the vectors of the 
triangle shown in Figure 5-11a, the upper portion 0' the triangle 
would not be displayed, since the" wou,ld appear as extraneous 
lines on the video screen, as in Figure 5-11b. 

FROM 
DISPLAY 
PROCESSOR 

FROM 
D SEL MUX 

Y 
REGISTER~_-_ 

X 
REG ISTE R ~X_O_-_X_8_ 

Figure 5-10 
X and V Registers 
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EDGE L TO CONTROL ROM 

TO R/W MUX 
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DISPLAY PROCESSOR MEMORY ADDRESS RANGE 

VIEWABLE 
AREA 
OF MEMORY 

A .. EDGE DETECTOR OPERATIONAL (NO WRAP AROUND) 

DISPLAY PROCESSOR MEMORY ADDRESS RANGE 

---~ 
/ 

~V " :/ 
~ NOTE: 

VIEWABLE EXTRANEOUS LINES PRODUCED 

·AREA IN VIEWABLE AREA ON VIDEO 

OF MEMORY SCREEN DUE TO WRAP AROUND 

;7 ----.,...,... 
/ 

- . 

I /;" I ",;' 
I ,./ 

I " (,,/ I / B. 
",,'" 

EDGE DETECTOR NOT OPERATIONAL 

MR·1217 

Figure 5-11 
Edge Detector Oper.tion 
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~. 13 WRITE ROM 

The Jo~er 3 bit. 0' the X Regi.ter are the addre •• input bit. 0' 
each Writ. ROM, ••• hown in Figure 5-12. The •• 3 bit ••• 1ect one 
of eight memor~ RAM. in .ach 0' 'our group. of memor~ chip.. The 
Interlace ROM detect. if the S~nc g.nerator module i. in 
Interlaced or Non-Interlaced mode. During Non-Interlaced mode, 
~11 four Writ. ROMs are strob.d ~t the same time b~ the signal WR 
PULSE LJ 'Dr example: 

FROM SYNC { 
GENERATOR 

WROO, WROe. WR16, and WR24 are enabled (low) i' XO, Xl, 
and X2 e~u.l zero. 

XO 
AO 

,"OM { XI 
X REGISTEA AI 

X2 ROM 
A2 

32)( 8 

CLA H 
A3 

DATA 0 tOI H .JV - A4 _ 

.... 
~ 

EN 

- Y - ~ ,.-
AO 

AI 

A2 ROM 
32)( 8 

A3 

0 YOH DATAl tOI H- +3V - A4 
EN 

-~ OUT HI 8YTE f-._ Y MODE W (01 H } TO VIOEO 
DATA OUT i"'"'"' 

_ r-

OUT LO 8YTE 

CLA H -INTEALACE AO 

000 FRAME L 
AOM WR La 8YTE H 

IOEII AI 

NONINTERLACE L WA HI8YTE H 

10NI) AOM 
A2 32 x 8 

A3 

0 OATA2(0IH- ·3V - A4 

~ 
EN 

"'"--f- Y 
-f-~ f-. 

ISONLY H- AO 

~ 

"---
~ -roo-----
-----
f--
~ 
f--

--------
~ -
~ 

~ 
AI .-

P"'" 
DATA l 101 H -f--

EDGE L 

WA PULSE H 

Figure 5-12 
Write ROM 
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WA09 

WAIO 

WAIl 

WAI2 

WRll 

WA14 

WAI5 

WRII 

WA17 

WAI8 

WRI9 

WR20 

WR21 

WR22 

WA23 

WA24 

WA2!i 

WA21 

WA27 

WR28 

WR29 

WR30 

WAJI 



During Interlaced mode, only t~o Write ROMs Are strobed .t A 
time. Selection is controlled by the least-signi9icant bit 0' 
the Y Register (YO). When YO is low, the lower two Write ROMs 
are strobed; when YO is high. the upper t~o ROMs are strobed; 
'or-example: 

With XO, Xl and X2 equal to 0, WROO and WROS are enabled 
when VO, is low; WR16 and WR24 are enabled when VO is 
high. 

The cleAr signal, CLR H, will 90rce a low write pulse 'rom .ach 
write output, WROO through WR31, to clear the memory to all zeros 
(or to the data in the Data Latch, as explained in Paragraph 
~. 11 >. A. the Rea d I Wr i t e Mu 1 tip 1 e x er add r e • s est heme mor V ' i tis 
cleared bV writing zeros (or a specific data value) into each 
memory location. 

The output of the Write ROM CAn be disabled i' a zero is being 
written under the control 0' the is ONLY H signal. This signal 
is enabled by the Hode Select (STATUS SA) logic. With 1S ONLY H 
present, a NAND gate at each Write ROM monitors the datA in the 
Data Latch to be written into memory. If the data bit is a one, 
the Write ROM to that location in memory is enabled. I~ the dAta 
bit is a zero, the Write ROM is disabled, and the write pulse 
does not allow that zero to be written into memory; the data in 
memory at that location will remain unchanged. 

When drawing lines on the video SCreen with different 
intensities, this allows the line with the higher intensity to be 
dominant. Without enabling IS ONLY H. a line 0' lower intensity 
drawn over a line of higher intensity will cause an apparent 
break in the high intensity line at the crossover point. 
Examples with 19 ONLY H enabled 'allow: 

"r_.L ___ ': .L •• _ II> 

... JI "IHI lit ... "'I U T 

ill lin.!. 

Example 1: 0001 

Example 2: 0101 

Intirnsitij oP 
2nd line 

0111 

olfo 

5. 14 WRITE SYNCHRONIZATION LOGIC 

Intensity at 
Crossover Point 

0111. 

0111 

For A memory write, MODE W is enAbled 'rom the Mode Select Logic. 
The Display Processor issues a 0 WRITE H signal to the M7062 and 
waits 'or a synchronization signal (B SYNC L) before sending X 
and Y data to the memory as shown in Figure 5-13. 

Both Mode W (write) and ModR R (read) can be enabled at thR same 
time. Memorv is then written only during retrace time. When 
both mode. are enabled, ~riting is controlled bV ENA WRITE L from 
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the Video stop logic. As the Ho~izont.l Counte~ inc~ement., d.t. 
is ~e.d from m.morv, ENA WRITE L is high, and B SYNC L i. 
disabled. No w~iting occurs at this time. A,ter the ~ow 0' dat. 
ha. &.en read, ENA WRITE L goes 10~, B SYNC L reaches the Displav 
Proc~ssor, and writing occurs during retrace time. 

Ever~ 30 lines the memor~ i. ~e'reshed bV the REFRESH L .ignal 
from the Sync Oenerator module. This signal is ignored while 
Mode R is enabled, sinc. reading the dynamic RAMs at the video 
frame rate also refreshe. them; however, refresh is neces.a~v 
whi·le Mode R is zero (i.e., while the memory is in Write-Onlv or 
Prot~ct mode> to k~~p from losing data. 

MODE R (0) H 
(SHOW) 

MODE W (0) H 
(WRITE) 

MODE W (1) H 

D WRITE H 
(Jl·S) 

SYS ClK H 

+3 V 

COMP SYNC L 

(0011 
FROM 
SYNC 
GENERATOR 

ENA WRITE l 

SEa 0 l 

ClK TST l 

STOP 
F/F 

O·TYPE 
F/F 

W(H) 

H2H -----' 

Hl H 

Figure 5-13 

CONTROL 
ROM 
AND 
lATCH 

WR PULSE l TO WRITE 

ROMS 

+5 V 

W2 BSYNC l 

MI'I·'". 

TO DISPLAY 
PROCESSOR 

Writ. Synchronization Logic 
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The Refresh signal is held low for two line times, during which 
the M7062 completes its operation on the current line, then 
m.mor~ is refreshed. B SYNC L is disabled during refresh time so 
the Display Processor stops sending data while the .emory is 
being refreshed. 

The synchronization sign.l n.ed be enabled on only one H7062 in 
each memory channel. Jumper W2 can be removed fro. all other 
M7062 modules used in that channel. B SYNC is issued onlv during 
states four and 'ive of the eight state .emorv ti.ing cvcle 
(Paragraph 5.17>' 

5.15 VIDEO STOP LOgIC 

When the Horizontal Counter reaches a count of 512, it provides 
the C CUT X L signal that sets the Horizontal Detect 'lip-flop 
(Figure 5-14>' This is clocked into the Video Stop latch, which 
disables the videD output get.s. likewise; th~ Clear instruction 
from the Display Proce •• or (D CLR L) disabl.. the video output 
~hile clearing the memory. This operation is s~nchronized by the 
D REG DATA LAT H sign.1 from the Control ROM circuit. 

When the video output is disabled, ENA WRITE L .llows ~riting 

into memor~ during retrace time when both the Read and Writ. 
modes are enabled at the same time. This eliminates disruption 0' data on the screen. 

When the negation of 
f 1 i p -f 1 op s, CLR X (1) 
allow video output. 

H BLANK L resets the Stop and Clear 
clears the Horizontal Detect 'lip-'lop to 

MEM STOP L synchrcni'zes the Control ROM so that the current read 
or write operation is 'inished beFore clearing the RAMs. 

CLR X L is used to reset the Horizontal Counters and clock the 
Vertical Counters. 

5. 16 MODE SELECT LOGIC (LOAD STATUS SA) 

Daus Data bits 11 and 10 determine if the signal LOAD STATUS BA L 
~ill. be enabled on this M7062 module. Up to 'our M7062 modules 
are address selectable in a VSV11/VS11 Oraphics S~stem by using 
Jumpers, as shown in Figure 5-15. The st.te 0' D BUS 11 and D 
BUS 10 determine th. channel .elect.di re'er to Chapter 2 'or 
channel 5election. 
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o REO DATA LAT H 1-------r----.... CLR M L 

CLR H 
ENA WRITE L TO WRITE 

SYNC LOGIC 

+3 V VIDEO STOP L 

C OUT X L. 
(FROM H COUNTER) 

(FROM 
H COUNTER) 

+3 V 

(FROM SYNC 
GENERATOR) COMP SYNC L 

(001) 

V BLANK L 
(OF1) 

H BLANK L 
(DH1) 

HORIZ 
DETECT 

FLIP
FLOP 

STOP 
FLIP
FLOP 

SEa 0 

Figure 5-14 
Video Stop Logic 

VIDEO 
STOP 

LATCH 

TO VIDEO 
OUTPUT GATES 

CLEAR 
FLIP
FLOP 

CLR XL 

(TO HORIZONTAL 
AND VERTICAL 
COUNTERS} 

(TO DISPLAY 
PROCESSOR) 

MEM STOP L 
(CV1) 

MR·1270 

D BUS 07 should b. set to zero. This ~llows LOAD STATUS SA L to 
load the Hode Select logic with D BUS 00 through OS. 

D BUS 01 Hand D BUS 02 H are used to load the is ONLY H sign.l, 
which .llows writing onl~ ones into m.mor~. This sign.l is us.d 
bV th. writ. logic to dra~ linRs c' variable intRnsity over one 
another without leaving an apparent gap in either line (Paragraph 
~. 13>.· 



D BUS 03 H is used to enable the SWITCH L signal ('rom the D 
Select Multiplexer) to toggle two memor~ sets between Write and 
Re.d mode. to obtain d~n.mic •. 

D BUS 04 H is used to set Hode W, the "write into memorv" Mode. 

D BUS 11 

W3 

D BUS 10 W4 

D BUS 07 

LOAD STATUS BA L 
FROM D SEL MUX 
DECODER 

NOTE 

St.tu. bit. 04 .nd 0' .ust be 
cle.red on the M7062 to 
write-protect the .emorv d.t •. 
During the Displ.V, Proce.sor's 
initializing routine, .11 memorv 
channels are set to write .ode and 
cleared with the C CLR L signal. 

W5 

D BUS 05 r D BUS 04 

FROM 
DISPLAY D BUS 03 
PROCESSOR o BUS 02 

LOAD 

MODE 
SELECT 
LOGIC 

TO CONTROL 
ROM AND 
TO WRITE 
LOGIC 

MODE R (1) H (SHOW) 

MODE W (1) H (WRITE) 

SWITCH 
L ---. 

• D BUS 01 ,-l~s-=O.:..;N.=.L Y~H ___ .. TO WR ITE 
ROM 

~ST.:..:A..:.:L::.=L:...:L=--__ ~TO VIDEO BUS o BUS 00 

Figure 5-15 
Hode Sel.ct Logic 
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s. 17 CONTROL ROM AND TIMINQ 

The Control ROM, a 256 X a-bit Read Onl~ Memor~. and its 
associ.ted latch 'orm the main timing controller for the M7062. 
Each input, shown in Figure 5-16. ~nd its function is described 
below: 

1. HO, H 1 , H2: T hits. t h r e e s i g n ~ 1 s, the 1 o .... r 3 bit. 0 fl 
the Horizontal Counter, ~re used to generate 8 time 
states within this ROM. 

2. W(H): This is the write signal flormed by D WRITE H 'rom 
the Displav Processor and enabled by the write mode, 
Mode W. It synchronizes the me.ory to the Display 
Processor, generates the output WRITE PULSE H, and 
allows the ROM to switch to the X and V Registers for 
address in'ormation. 

3. C(H): The signal D CLR L 'rom the Displa~ Processor, 
when enabled by the write mode, creates the C(H) sign~l 
to the Control ROM. This enables the WRITE PULSE Land 
uses the Horizontal and Vertical Counters to quickly 
cle.r the memory. 

4. MODE R (1) H: This is the read mode that generates the 
ENA READ L signal to the Read/Write Multiple.er and 
provides the LOAD L/SHIFT H signals to ~ le RAM Mltmory 
Shift Registers. If not enabled, onl~ zeros will be 
shifted out of the shi,t registers. 

FROM DISPLAY PROCESSOR 

FROM SYNC GENERATOR 

FROM MODE SELECT LOGIC 

FAOM DISPLAY PROCESSOR 

FROM WRITE LOGIC 

FROM { 
HORIZ 
COUNTER 

D REO 
DATA LAT H 

REFRESH H 

MODE1(1)H 

C (H) 

W(H) 

H2 

Hl 

HO 

256 X 8 
ROM 

1-3 

----
-----

8·B'-r 
DATA 

1----- LATCH 

-_.-

Y 
SYS CLK H 

Figure 5-16 
Control ROM 

FlAS DATA/CAS DATA ... 
CLK TST 1. ---. 
ENA D COUNT H .. 
WRITE PU'.SE H 

~ 

ENA READ L • 
LOAD LlSHIFT H -. 
CAS • 
AAS 
~- . ------ • 

TO R/W MU"" 

TO ~()M INPUT REGISTER 

7() PIXEL READ LOGIC 

TO MFM W RITE ROM 

TO RIW f\1UX 

TO MEM SHIFT REG 

TO MEMORY RAMs 

TO MEMORY RAMs 
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~. REFRESH H: This signal 'rom the SVnc generator 
is generat.d 'or every 30 lines to re're.h the 
The refr •• h signal is h.ld for t~o line time., 
which ~riting on the current line is compl.ted 
the entire .emorv is re'reshed. 

.odule 
memorv· 

during 
be'ore 

6. D REO DATA: This is a pixel read back request signal 
'rom the Display Proces50r to request data from a 
.pecific memorv location <addr.ssed bV the X .nd Y 
Registers>. For example, it is used in diagnostics to 
compar.data in memory to an expected value. 

The ti.ing diagram for the output signals from the Control ROM is 
shown in Figur. 5-17. The.e signals and their 'unctions are .s 
'0110"'5: 

HOI 0 1 I 2 3 

Hl--, ... ___ ...., 

H2-, ... ______________ _ 

RAS DATA LlCAS DATA H 

I 
RAS 

CAS 

WRITE PULSE L 

SHI FT H/LOAD L 

,..... V TC'T • 
'" L.." I o.J I L.. 

4 I 5 6 7 

u 

Or 
STIME 
STATES 

} 

ALWAYS 
r--- COMING 

OUT ,..---

ENA READ L 
ENAW~------------------------------><=:: 

H 

ENA D COUNT H f 

Figure 5-17 
Control ROM Timing Diagram 

MR·1223 

1. RAS and CAS: Row Address Strobe and Column Address 
Strobe are used to load the addr.ss in'ormation from the 
R.ad/Writ. Multiplex.r into the RAMs. 
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2. LOAD L/SHIFT H: This sign~l loads par~llel data from 8 
memo~y RAMs into the shift registe~, then it shifts the 
video data out with 8 clock pulses. 

3. ENA READ L: When present this signal enables the 
Read/WTite Multiplexer to get add~ess in'ormation '~om 
the Ho~izontal and Ve~tic~l Counte~s. When disabled, 
the multiplexe~ gets .dd~.ss in'o~mation 'rom the X ~nd 
V Reg i st.rs. 

4. WRITE PULSE H: This is a timed st~obe that is used to 
enable input to the Write ROM. This signal is gat"d by 
EDGE L in the Write ROM enabling circuits if the Display 
Processor is calculating data outside the video display 
area (Paragraph 5.12>' 

5. ENA D COUNT H: 
read data 
Frocesso~. 

This is ~ pixel read-back signal used to 
stored in memory back to the Display 

6. eLK TST L: This signal synchronizes any changes to the 
Control ROM by enabling the clock input 0' the ROM input 
reg i ster. 

7. RAS DATA/CAS DATA: This signal controls the Read/Write 
Multiplexer. It alternately selects horizontal, then 
vertical, data du~ing a read mode; o~ t selects X 
data, then V data, during a write mode. 

The B SYNC L signal sent to the Di~play Processo~ is a function 
of the H2 and Hl Horizontal Counte~ bits. The B SYNC L signal is 
issued only during time states fou~ and five. The sign~l allows 
the Display Processor to synchronize with the memory timing 50 

that a new X address is sent during time states zero and one. A 
new V address is sent during time states two and three. If new 
Pixel Data is re~uired, it is sent during time states four and 
five. 

5. 18 PIXEL READ-BAC~ LOQIC 

The H7062 has a pixel read-back mode that allows the Displ~y 
Processor to read a speciFic location from memory in the M7062. 
It first loads a coordinate position into the X and V Registers, 
then it sends the D REG Data L and the D WRITE H signals. The 
WRITE pulse synchronizes the position; D REG DATA L indicates to 
the M7062 not to write data, but rather re~d data from that 
p05ition back to the Displav Processor. Pixel Readback is 
enabled by Mode W (i. e., the memory must be in Write-Only or 
Read/Write mode). 

The Control ROM in the M7062 then wnables the ENA D COUNT LAT H 
signal to strobe the lower 3 positions 0' the X Register into _ 
down-counter as shown in Figure 5-18. When this counter gets to 



the desired location (1 of 8 memory chips), 
high. This is the data input to the clock 
latch on the next s~stem clock pulse. 

its borrow input goes 
latch and sets the 

The output 01 the clock latch also drives the DATA AVAIL L signal 
back to the Display Processor to indicate that the data it w •• 
seeking is now available on the Data Bus. Two pair of drivers 
are enabled, one with the Interlace ROM control signal OUT LO 
BYTE H, and the other with OUT HI BYTE H. These drivers send B 
RAM D.ta 0--3 back down the D.t. Bus to the Display Proce •• or. 

Th. cycle ends ",hen the Displ .. y Processor withdra",s the WRITE 
signal and the D REG DATA L signal. 

!NTER-
lACE 
ROM 

- X2 
DOWN 

Xl COUNTER 

XO 
CNT 

LD 

OUT HI 
BYTE H 

OUT lO 
BYTE H 

D 

CLOCK 
LATCH 

B RAM DATA 3 
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CHAPTER 6 

M7061 SYNC GENERATOR/CURSOR CONTROL TECHNICAL DESCRIPTION 

6. 1 INTRODUCTION 

Ine M706i S~nc GeneratoriCursor Control module s~nchrcni%.s 
VSV11/VS11 s~stem operations, provides digit.l-to-analog 
conversion (DAC) for data displa~ed on the s~stem monitor, and 
contains cursor control circuits for the generation and placement 
of crosshairs (cursor) on the s~stem monitor. The cursor control 
circuits operate with the H3060 Jo~stick, supplied with 
VSVI1/VS11 systems. 

6.2 GENERAL DESCRIPTION 

A block diagram of the M7061 is shown in Figure 6-1. The Sync 
Generator circuits produce EIA RS-170 standard w.veforms which 
may be selected to a 50 Hz or a 60 Hz fr.me rate and to 
Interlaced or Non-Interlaced scans. The blanking and s~nc 
signals from the Sync Generator circuits a~e ~pplied to the 
backplane Video Bus to s~nchronize the displa~ s~stem. These 
signals are enabled to the backplane on only one M7061 per 
VSVII/VS11 subsystem. 

The DAC and Sync Stripper circuit~ perform in two modes: stand 
alone mode and slave mode. During stand alone operation (sync is 
generated internal to the M7061), four bits of data are· received 
from the Image Memory via the Video Bus along with a composite 
sync (COMP SYNC) signal. The data and composite sync are applied 
to a DAC where they are combined and converted into a composite 
video signal. The composite video signal c~n be ~pplied to • 
black and white composite video CRT monitor (COMPOSITE VIDEO 
OUT>' Since the DAC is a four bit DAC, 16 intensity levels 
(levels of gray) can be displayed. Alternately, the output of 
the DAC can drive a Red-Green-Blue (RGS) color CRT monitor where 
the Green output (COMPOSITE VIDEO OUT) supplies the sync for the 
color monitor. Data input to the DAC is gated by the Blink logic 
to allow for "blinking" (flashing of' and on) of selected pixels 
on the screen. 
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During slave operation (the M7061 is receIvIng svnc and video 
in'ormation 'rom another source, such as a VT100), a composite 
video RS-170 signal is received b~ the DAC and Sync Stripper 
circuits. The Sync Stripper remove. the sVnc pulses 'rom the 
composite video signal and applies them, as external composite 
s~nc (EXT COMP SYNC), to the Horizontal and Vertical SV nc 
circuit. to lock the horizontal and vertical scans. Meanwhile, 
the video portion of the composite video signal is applied to a 
video mixer where video d.ta from the Video Bus can b. added· to 
the video on the incoming RS-170 signal. This mixing action 
produce. a new composite video signal which can be applied to a 
compo.ite video moni"tor. The comFosite video monitor is normall~ 
a VT100. The composite .video signal is also applied to the green 
input 0' a composite video color monitor, such as the VRV02. 

The Horizontal Sync and VCO circuits operate in two modes: 
internal and external. In the internal mode a 25. 1748 MHz 
crystal oscillator supplies the clock signal which is divided by 
20 to produce SAMPLE, CL~, CL~ LATCH, and CNT DWN (count down). 
The.e are used for timing refer.nce throughout the Sync 
generator. In external mode, the EXT COMP SYNC signal is 
composed 0' sync pulses which the Sync Stripper removed 'rom the 
incoming RS-170 composite video signal 'rom an external source. 
These are phase compared to the internally generated COMP SYNC 
signal 'rom the Sync generator circuits. The output 0' the Phase 
Detector drives a voltage controlled oscillator (VeO). I' the 
two COMP SYNC signals are in phase the output frequency 0' the 
VCO remains constant. I' the signals are not in phase, the VCO 
frequency "changes the clock rate to the Sync Oenerator circuits 
and thus changes the internal COMP SYNC rate. When the EXT COMP 
SYNC and the internal COMP SYNC signals are in phase, the Sync 
generator is phased-locked to the external source. 

The Vertical Sync circuits synchronize vertical counters to the 
incoming RS-170 EXT COMP SYNC when operating in the external 
(VT100) mode. This is accomplished bV comparing the EXT COHP 
SYNC and the 2ND HALF LINE signal from the Sync generator, and 
the internal COMP SYNC and samples generated within the Vertical 
Sync circuits. If the signals do not match, GATE OWN causes the 
Vertical Counters to count down until a match occurs. When"a 
match does occur, the Vertical Counters are sync-locked to the 
external source. 

The Cursor Control circuits produce the crosshairs (cursor) for 
display on the system monitor, and generate the ~ovstick S~itch 
and Cursor Hatch interrupts when enabled with the ~oy5tick Status 
instruction (Chapter 3>' When the ~oystick is connected, 
Joystick positioning voltages (X IN and Y IN) are applied to the 
Cursor Control circuits. The analog X IN and Y IN control the X 
and Y cursor positions by counting the position values up or down 
depending on the polarity and magnitude of the input voltages. 
The X and Y positions are processed and applied as Jovstick video 
data (~SV DATA) to the DAC circuits for display on the svstem 
monitor as cros.hairs representing the Jovstick position. It 
should be noted that the Jovstick used with the S~nc Generator is 
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a rate-type Jovstick. That is, sm.ll movements 0' the Jovstick 
produce small movements 0' the crossh.irs. Large Joystick 
movements cau.e the cros.hairs to move rapidlv on the svste. 
monitor. The X and V Jovstick position registers can also be 
written by the Display Processor, allo~ing softw.re programs to 
move the cursor. 

Two types of Displav Processor interrupts can be generat.d from 
the Jovstick via the Cursor Control circuits. The first is the 
~ovstick Switch interrupt and the second is the Cursor Match 
interrupt. The ~oystick Switch interrupt occurs whenever the 
JOY5tick pushbutton is pressed, provided the Switch Interrupt and 
Switch Interrupt Enable bits were issued by the ~oystick Status 
instruction. The Match Interrupt occurs when the cursor position 
"matches" an Image Memorv pixel location which is being written 
by the Display Processor. The Image Memory pixel location is 
supplied by the Display Processor (0 BUS <11:00» and compared to 
the Joystick position. ~oystick Status instruction Match 
Interrupt Enable and Match Interrupt bits must be set to enable 
the Cursor Match interrupt. When either the Switch interrupt or 
the Match interrupt is generated, the X- and V- position of the 
Joystick is trans'ered to the DXR and DYR status registers of the 
Display Processor. The effect of the external Joystick switch 
being pressed can also b. simulated bV the Display Processor, 
which can set a bit in the Cursor Control curcuiti this bit is 
ORed with the external Switch input so that either signal can 
cause an interrupt. 

o. 3 FUNCTIONAL DESCRIPTION 

The paragraphs which ~ollow contain a functional description 0' 
the maJor Sync Qenerator/Cursor Control 'Unctions. Each 'unction 
introduced in Figure 6-1 is expanded and supported with a 
detailed block diagram. Additionally, the +5 Vdc to -5 Vdc 
Converter and the Video Bus are discussed. These are not shown 
in Figure 6-1. As a prelude, a discussion on raster scanning 
techniques is provided. 

6.3. 1 Scanning Techniques 

In addition to providing synchronizing signals to the Image 
Memorv and the Display Processor modules, the Sync generator 
supplies a composite video signal to a composite video CRT 
monitor. The composite video signal contains vertical and 
horizontal sync pulses to control the vertical and horizontal 
scans 0' the CRT monitor. The M7061 i5 used with composit. video 
CRT monitors with either Non-Int.rlaced or Interlaced scans. 
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6.3.1.1 Non-Intltrlaced Scanning -

In a Non-Interlaced scan, the picture is traced on the CRT with 
one excursion of the CRT electron beam starting ~t the top 0' the 
screen and ending ~t the bottom. This one excursion 'rom top to 
bottom is also r~f~rr~d to as a field Dr a frame. When the Sync 
QRnerator is operating in the Non-Interlac.d mode, 26~ horizontal 
scan lines are produced for 60 Hz operation and 315 are produced 
'or 50 Hz. Only 240 (60 Hz) and 256 (50 Hz) of these scan lines 
are visible on th. screen. The lin •• not seen are blanked out 
during vertical retrace time while the beam is moving 'rom the 
bottom to th~ top 0' the screen. 

Figure 6-2 illustrates the scanning for a Non-Interlaced CRT 
monitor along with 5ynchro~izing and blanking as determined bV 
the Sync generator. The 'irst scan line (raster line) .tart. at 
the upper left of the CRT screen and sweeps towards the right. 
At the right, horizontal sync causes the CRT electron beam to do 
• horizontal retr.ce. Horizontal retrace i. the rapid movement 
D9 th. b.am 9~om the right to th. left side 0' the .c~ •• n. 
Horizontal retr.ce occurs during horizontal blanking time. 

Horizontal blanking is a signal which indicates to the graphic 
system video circuits that video should stop since horizontal 
retrace is approaching. Horizontal sync causes the CRT monitor 
to retrace 'or the start 0' the nltxt line. As shown in Figure 
6-3, horizontal blanking preceltds horizontal sync and causlts 
raster blanking at the right 0' the screen. This is done to 
ensure that all video has stopped before the retrace. When the 
electron beam reachRs the left of the screen, horizontal blanking 
is removed and allows video to the CRT monitor. This beam 
sweeping, synchronization, and blanking process continues until 
the last raster line. When the last raster line (at bottom of 
CRT) reaches the right side of the screen, Horizontal Sync and 
Vertical Sync pulses cause the electron beam to move back to the 
upper left of the CRT screen. During th. b.am/s tr.",.l ypward~ 
the beam is swept towards the le9t and then to the right in a 
zigzag f~shion to reach the top 09 the CRT. This zigzag motion 
is caused by the horizontal syncs occurring during the upward 
retrace 09 the beam. Horiz·ontal retrace co·ntinues during the 
vertical retrace time. When the electron beam reaches the upper 
left, vertical blanking ends and the beam again starts tracing 
horizontal lines ~rom top to bottom. The relationsh~p bet~e.n 
vertical blanking, horizontal blanking, and horizontal sync 'or 
the Sync Oenerator is sho~n in Figure 6-4. 

6.3.1.2 Interlaced Scanning -

During an Interlaced scan (Figure 6-5), the picture is traced on 
the CRT ~ith two successive excursions 0' the CRT electron beam. 
Each excursion is rfl'erred to as a field. Thus, there are two 
'ields and the two fields equal one frame. The 'ields are called 
even and odd and have the same number 0' scan lines. 
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When the Sync Qenerator is operating in the Interlaced Mode, 525 
horizontal scan lines (both fields) are produced 'or 60 Hz 
operation and 629 (both fields) are producttd 'or 50 Hz. 0' the.e 
scan-lines 480 (60 Hz) and 512 (50 Hz) are visible on the screen. 
The line. not seen are blanked out during vertical retrace time 
while the beam is moving 'rom the bottom to the top 0' the 
screen. 

Figure 6-5 illustrates the scanning 'or an Interlaced CRT monitor 
along with synchronizing and blanking as determined bV the SV nc 
Oenerator. The odd .field starts at the top center of the CRT and 
traces .pprDximatel~ one-half length of a raster line. When the 
CRT beam reaches the right side 0' the screen, horizontal 
blanking occurs. Horizontal sync (Figure 6-3) causes the beam to 
sweep to the left of the CRT during horizontal retrace. This 
process continue. until the beam reaches the lower right corner 
of the CRT. At the lower right, horizontal sVnc and vertical 
sync pulses cause the electron beam to move back to the top 0' 
the CRT screen in a zigzag 'ashion, as described 'or 
Non~Inter-lac.d A,.nning. To Avoid confusion, vttrtic.l and 
horizontal retraces are not shown in Figure 6-'. 

Th •• v.n 'ield ra.ter lines are traced 'rom top to bottom like 
the odd 'ield lines. However, the even 'ield lines start in the 
upper corner 0' the CRT and are traced in-between the odd 'ield 
raster lines. Vertical retrace for the even 'ield occurs at the 
end of the last rastttr line which is approximatelv at the bottom 
center 0' the screen. 

For 60 Hz operation, 262.5 raster lines are traced on the screen 
for each field. This gives a raster line total 0' 525 lines per 
frame. During 50 Hz operation 314.5 raster lines are traced per 
field for a total 0' 629 lines per 'rame. 

6.3.2 Sync Oenerator Circuits 

The Sync Oenerator circuits produce EIA RS-170 wave'orms 'or 
vertical blanking, horizontal blanking, and composit~ sVnc 'or 
use throughout the graphic system .. The.e wave'orms, along ~ith 
clear and clocking pulses, are generated by Vertical and 
Horizontal counters which address Vertical and Horizont.l ROMs 
within the Sync Oenerator. The RS-170 wave'orms 'rom the Sync 
Generator circuits are applied to the system Video Bus 'or 
distribution. 

Figure 6-6 shows a detailed block diagram 0' th. S~nc g.n.rator 
circuits. A clock signal (CNT DWN) 'rom th. Horizontal Sync-Up 
and vee circuits clocks th. horizontal counters until the 
counters ov.rflow. Th. ov.r'low g.n.rat.s _ carry (CRY) 'rom the 
horizontal count.rs which starts the vertical counters. Outputs 
Hi through H6 'rom th. horizontal counter addr •• s th. Horizontal 
ROM. Th. H1 through H6 inputs to thtt ROM enabl. the ROM to 
produce th. horizontal cl.ar, blanking, and composite sync 
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signals which ar. requir.d bV th. graphic s~st.m during _ 
horizont.l lin. tim.. Th.s. horizontal signals ar. '.d to a 
latch. Wh.n th. latch is clocked (CLK LATCH C) b~ th. horizontal 
s~nc and vee circuits. th. horizontal signals .r. pass.d to th. 
3-stat. driv.rs. Th. driv.rs ar • • nabl.d and plac. th. signal. 
onto th. vid.o bus. 
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H BLAN~ includ~s a front porch, horizontal sync, and a back 
porch. C H DRIVE is used during vertical blanking for sVnc 
sampling. 

COMP SYNC is a pulse which occurs in the middle of H BLANK. COMP 
SYNC is comprised of the horizont~l svnc pulse intervals, the 
equalizing pulse intervals, and the vertical s~nc pulse 
intervals. The Horizontal Counter's 2ND HALF LINE output is 
applied to the Vertical ROM during the vertical retrace to 
control external sync. 

When the Horizontal Counters"over'low, the Vertical Counters are 
incremented. The rate 0' the count-up (or the line time) is 
determined by the carry 'rom the Horizontal Counters. In the 
internal sync generation (standalone) mode, an internal 2~. 1748 
MHz crystal oscillator in the Horizontal Sync and VCO circuits 
supplies the clock to the Horizontal Counters. During External 
S y n c (s I a v e) mod e ( •• VT 1 00 mod e") , the c I 0 c k iss u p p lie d b ~ a VCO 
in the Horizontal Sync and veo circuits. The VCO phase locks to 
the composite svnc (EXT COMP SYNC) supplied by an external SaUTee 
(VT100). Regardless of the clock source, the Vertical Counters 
count the number of lines on the CRT monitor screen. Vertical 
Counter (V1-V256) outputs addTess the V.rtical ROM and applv V32, 
V64, V256 to the 50/60 Sync Line Decoder. The Vertical ROM 
produces vertical blanking and drive signals which are latched b~ 
the LATCH eLK signal. V BLANK is placed on the Video Bus via the 
3-state drivers. 

The 50/60 Sync Line Decoder allows the Sync Generator to operate 
with either 50 Hz or 60 Hz power sources, thus eliminating 
display Jitter caused by 10Hz nonsynchronous operation. 50 Hz or 
60 Hz selection is by means of two switches (E21-1, E21-2) on the 
Sync Oenerator module. These switches determine when the output 
of the 50/60 Sync Line Decoder goes high and changes one of the 
address inputs to the Vertical ROM. The 50/60 Sync Line Decoder 
is enabl.d when th~ V.rtica! Counters re.ch a lin. count 01 128. 
I' the ~O Hz switch (E21-1) is clos.d and V32 and V64 'rom the 
Vertical Counters are high, 50/60 Sync Line Decoder output '0 Hz 
£ 256 goes high. On the othe~ hand. if the 60 Hz switch (E21-2) 
is closed (50 Hz switch open), the decoder output 60 Hz ~ 224 
goes high when the Vertical Counters reach line 224 or greater. 

When the 50 Hz ~ 256/60 Hz ~ 224 output to the Vertical" ROM goes 
high 16 additional lines are counted for 50 Hz and 32 additional 
for 60 Hz. The graphic system then goes into vertical blanking 
time. The 50/60 Sync Line Decoder saves ROM space for redundant 
counts and allows the count to continue until the appropriate 
number of lines has been reached. The V DRIVE output is applied 
to the latch and indicates the system has entered the vertical 
retrace interval. V DRIVE is also applied as an addres5 input to 
the Horizontal ROM which causes serrations (e~ualizing pulses) to 
be supplied along with the vertical blanking as pa~t 0' the COHP 
SYNC signa l. That is, dur i ng th e fi rst part of the V BLANK 
interval, the Sync generator produces an equalizing pulse 
interval, a vertical interval, and _nother equalizing pulse 
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As mentioned previousl~, the Sync Generator can be selected to 
provlde sync and blanking for Interlaced and Non-Interlaced 
scans, and can also be selected for compatible operation with the 
VT100 monitor. When the Non-Interlace mode is selected on the 
Sync Oenerator, the Non-Interlace Odd flip-flop is held in the 
reset state. This causes the Sync Oenerator to produce only even 
fields on the system monitor. The output of the Non-Interlace 
Odd flip-flop is applied to t~e 3-state driver which places the 
ODD FRAME signal on the Video Bus. 

When the ODD FRAME line is low (Non-Interlace switch open) the 
system per'orms an. odd field scan. Even field scans are 
per'ormed ~hen the ODD FRAME line is high (Non-Interlace .~itch 
closed). With the switch open the Non-Interlace Odd flip-flop is 
allowed to toggle upon the completion of each field. 

The 50 Hz Non-Interlace and Norm.l switches determine the mode 0' 
operation; i. e., 314-line normal RS-170 50 Hz Non-Interlace or 
315-line VT100 50 Hz Non-Interlace. During normal mode, SAMPLE 
eLK is gated with Z L. This produces SZ L which is applied as • 
clock to • Clear flip-flop which clears the vertical counters. 
This clear generates a clear to the vertical counters after a 
line count of 314. For VT100 mode operation, SAMPLE CLK is gated 
with Z L but this time 50 N INT is produced. 50 N INT is applied 
to the Clear flip-flop. The Clear flip-flop -ow clears the 
vertical counters after a line count of 315. 

The Z L output signal from the ROM occurs twice in succession in 
the ROM code. The 50 N INT signal provides a count of two before 
actually clearing the vertical counters. 

Only one Sync Generator circuit is re~uired in a graphic system. 
The Sync Generator has one four-bit digital-to-analog converter 
(DAC) and can handle only four bits of video data. A VSV11/VSll 
graphic system may use up to four Sync Oenerator modules. Onl~ 
one of these modules would be controlling the synchronization; 
this module is termed the "Master". The other thre., termed 
USI aves ", would have the Sync Generator circuits disabled because 
the Master module provides all the signals required for 
s~nchronization. The 9~nc gttnerator circuits are di •• bled b~ 
opening switch E21-6 and Jumper W19 on the d.sign.t~d Slave 
modules. This disables the 3-state drivers to the Video Bus. 

6.3.3 DAC And SYNC Stripper Circuits 

The DAC and Sync Stripper circuits perform four functions: 

1. Convert four-bit video data from th. Image Memory to 
analog intensity data. 
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2. Disable (blink) pixel data. 

3. Convert Jovstick video data 'rom the cursor control 
circuits to analog intensity data 'or the system monitor 
crosshairs (cursor). 

4. Separate the sync pulses 'rom the video in'ormation 
during operation in Ext~rn.l Sync mode, where an EIA 
RS-170 signal is applied to the DAC and Sync Stripper 
circuits. 

A detailed block diagram 0' the Sync Oenerator DAC 
Stripper circuits is shown in Figure 6-7. 
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6.3.3.1 OAC Circuits -

The OAC (Oigit.l-to-Analug Converter) circuit. in Figure 6-7 
incl~de the four-bit latch and the 20 mA current source. Four 
bit. 09 video data from the Image Memorv are received b~ the 
Blink circuit. (gate.), The video data is blocked fifty percent 
of the time if the Blink circuits are enabled and video dat. bit 
6 is true for that pixel. The video data is then received b~ the 
'our-bit latch 'rom the video bus. When B CLK goes high, the 
date bits (DATA 04--DATA 07) are latched. The output of the 
four-bit latch feeds (through resistors) a 20 mA current source. 
The four-bit l.tch, the resistors, and the 20 mA current source 
form a current source type DAC. When one or more of the four 
data bits is low (off), current is removed from the 20 mA current 
source. If all four bits are low, all the current (except '01' ~ 
small bias current of 0.7 mAl is taken away from the 20 mA 
current source. Changing the state of the data input bits 
changes the level of current supplied by the 20 mA current source 
and thus changes the voltage level applied to the VT100 driver 
and the "OR" circuit. In addition to the four data bits, the B 
COMP SYNC (from with the active Sync generator circuits) is 
a p p 1 i edt 0 t h • f 0 U l' -b i t 1 a t c h v i a the Vi de 0 Bus. B C OMP SYNC 
also removes current from the 20 mA current source, thereb~ 
adding synchronizing pulses (horizontal syncs and serrations) to 
the video data from the Video Bus. This results in a composite 
video signal at the output 09 the 20 mA curr@nt source. The 
composite video signal is applied to the VT100 ~'nitor vi. the 
VT100 driver andlor to a black and white moni~~r (or the Qreen 
gun of a color monitor) via the "OR" circuit. 

Input bits 06 and 07 0' the 4-bit latch are both driven by ~SV 
DATA from the Cursor Control circuits for the display 0' the 
sysi;em monitor crosshairs. Bits 04 and 05 can be driven if 
selected by the Jumpers. ~SV DATA is pulsed 'or the display 0' 
the vertical crosshair, and is held low (intensity on) for either 
17 pixels of one horizontal line or for the entire horizontal 
line, for display of the horizontal crosshair. The size of the 
crosshair is determined by Jumper W17. 

For black and white operation, the ~our-bit DAC provides for 16 
levels of grey (including black>. For color operation, two 
outputs from the four-bit latch feed open collector drivers. 
These drivers can be used to supply red and blue video 
in~o~mation to a color monitor. The remaining two bits of Green 
video information pass througn th& 20 mA current sourc. and th. 
nOR u circuit to drive the Green gun in the color monitor. Th. 
Green output provides four levels of green along with 
synchronizing signals. The range of output voltage at the green 
output is 0 V through 1.b V into a 7S ohm impedance. 
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b. 3.3.2 S~nc Stripper Circuits -

The Sync Stripper circuits in Figure 6-7 include the External 
Input Amplifier, the Differential Amplifier, th. Emitter 
Follower, the Buffer, and the Sense Amplifier/Sync Separator. 
These circuits remove the sync pulses from an EIA RS-170 
composite video signal which is supplied bV the VT100 Monitor. 
An EIA RS-170 waveform in the range of 0 V to 1.4 V is applied to 
the External Input Ampli'ier. The gain 0' this amplifier is 
adJustable b~ mear.s of potentiometer R48. From the External 
Input Amplifier, the level-adJusted RS-170 signal is .pplied to 
the Differentiel Amplifier. The Di'ferential Amplifier ha. a dc 
g~in of 2, .n ac gain of 7.~, and a cut-of' frequency of 1~ Hz. 
The output from the Differential Amplifier is applied to an 
emitter follower. At the Emitter Follower, the most negative 
signal excursions (sync tips) are clamped to -0.6 V. The -0.6 V 
sync tips are applied to the Buffer. The signal level at the 
output of the Bu'fer ranges from 0 V to +2.8 V, with the lower 
+0.8 V being the sync signal. The output 0' the buffer is 
applied to the Sense Amplifier/Sync Separator. The Sense 
Amplifier/Sync Separator is biased off at +0.4 V. This results 
in a low output from the Sense Amplifier/Sync Separator for 
inputs below 0.4 V; and a high output for inputs greater than 
0.4 V. Thus, the output (EXT COMP SYNC) from the Sense 
Amplifier/Sync Separator consists of only the syncrhonization 
signal which includes all of the serrations and equalizing 
pulses. This sync signal is then applied to the Vertical and 
Horizontal Sync circuits where it is used to synchronize the 
Vertical and Horizontal Counters. 

In addition to the sync output from the Sync Stripper circuit's 
buffer, the buffer provides EIA RS-170 video to the "OR" circuit. 
The "OR" circuit mixes the incoming (from the VT100 monitor) 
video with the composite video from the 20 mA current source. 
This results in a composite video signal containing video data 
and sync from the Video Bus, and video data from the EIA RS-170 
input 'rom the VT100 monitor. The output voltage level can be 
adJusted by R9. 

6.3.4 Horizontal Sync And vce Circuits (Phase Lock Loop) 

The Horizontal Sync and VCO circuits produce clock signals for 
the Sync Qenerator logic. These clock signals can be derived 
from ~n internal crystal oscillator (INTERNAL CLK) or from a 
voltage controlled oscillator (VeO) which changes frequenc~ as 
the result of comparing the EXT CeMP SYNC signal from the DAC and 
Sync Stripper circuits to the COMP SYNC signal from the Sync 
Generator circuits. A detailed block diagram of the Horizontal 
Sync ~nd Clock circuits is shown in Figure 6-8. 

6-15 



FROM 
DAC 
AND-SYNC 
STRIPPER 
CIRCUITS 

FROM 
SYNC 
GENERATOR 
CIRCUITS 

EXT COMP SYNC 40 II- SEC 
ONE· -
SHOT 

COMP SYNC 
40 II- SEC - ONE· -
SHOT 

•• SYN C 
ClK 

PHASE ClKIN 

DETECTOR 
~ VCO 

E21· 7 

TO SYNC 
GENERATOR 
CIRCUITS 

DIVIDE 
BY TWO 

25,1748 
MHZ 
XTAl 
OSC 

4·BIT 
COUNTER 

Rl 

R3 

INTERNAL 
ClK 

E21-8 

SAMPLE ClK TO VERTICAL 

} 
SYNC 

CNT OWN CIRCUITS 

(-:-10) RO 

R2 

CLK 
2 

CNT OWN 
ClK LATCH C } TO SYNC 

1--+------+ GENERATOR 

CLK 
1 

Figure 6-8 

CIRCUITS 

MR·1901 

1'17061 Horizontal Sync-Up and VCO Circuits 
Detailed Block Diagram 

When operating in Internal Sijnc mode (INTERNAL eLK switch E21-8 
c losed, SYNC-UP eLK switch E21-7 ope~), the output '1'0,. the 
2~. 1 748 MH z cry s tal 0 sci 11 a t or i s d i v ide d b IJ 2 an d c I 0 c k s the 
four-bit counter. This counter divides the input by 10 and 
produces clock signals for the Vertical Sync and Sync generator 
circuits. 

When operating in External Sync mode (VT100 mode) (INTERNAL elK 
switch E21-B open, SYNC-UP ClK switch E21-7 closed), the phase 
relationship between the EXT COMP SYNC signal (from the DAC and 
Sync Stripper circuits) is compared to the COMP SYNC from the 
Sync Generator circuits. If the two signals are out of pheseJ 
the control voltage to the veo changes, changing th. output 
fre~uency (CL~ IN) from the VCO. This changes th. clock to the 
four-bit counter, and thus changes the clock rates which drive to 
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th~ V~rtical S~nc Sync G~nerator circuits. Since the cl~ck to 
the S~nc Generator has (hanged, the r.te (and thus the pha.e> of 
COMP SYNC from the S~nc Q~nerator changes. These ~hanges ~ill 
continue unti I the phase relationship betwl'en EXT COMP SYI\'e and 
COMP SYNC match. When the phase matches, the voltage to the veo 
stabilizes and the veo output 'requenc~ (eL~ IN) stabilizes. 
Under this condition, the Sync generator circuit. are 
phase-lock~d to the horizontal" sync from the. VT100. 

The 40 uS (microsecond) one-shots prevent the Phaae Detector 'rom 
locking-up on h.lf-line d.t~ and causing clocking errors. 
Half-line data includes the vertical retrace interval and 
equalizing pu15e5 which .re p.rt 0' the COMP SYNC signal. Since 
the Phase Detector operates on a high to low transition, the 
Phase Det~ctor would try to sync to the equalizing pulses. This 
would cause the vca to shift up and down in frequency, hunting 
for a phase match between the ev~rchanging pulses and the EXT 
COMP SYNC signal. 

6.3.5 Vertical Sync Circuits 

The Vertical Sync circuits synchronize the vertical counters in 
the S~nc Q~nerator circuits to th~ incoming EIA RS-170 signal 
from the VT100 monitor when operating in the External (VT100) 
mode. A detailed diagram of the Vertical Sync circuits is shown 
i n Fig u r ~ 6-9. 

V~rtical Sync is accomplished by using the EXT COMP SYNC signal 
as a reference, and producing a ... mpl~ window during the vertical 
retrac~ interval. The sample window is provided bV horizntal 
timing which is synchronized to the incoming hgrizntal sync 
pulses by the Horizontal Sync and veo circuits. During the 
sample window, if the COMP SYNC signal does not match the EXT 
COMP SYNC signal the M7061 vertiCAl counters .re g.ted down until 
a match occurs. Three samples per field are made during the 
vertical retrace interval. 

When the hori~ontal counters are synchronized, the Vertical Sync 
circuits receive synchronized horizontal clock signals. The EXT 
COMP SYNC and 2ND HALF LINE signals are NANDed in the Vertical 
Sync circuits. When 2ND HALF LINE goes low (at the le,t hal' of 
a lin~), the gate is enabled and .. high "D" input is provided to 
the Pre-Sample 'lip-flop. This occurs during horizontal sync or 
the verti cal r~trace i nt~rva 1. The Sync Generator produc.s H6 
(H6 happens at quarter line time) to clock the Pre-Sample 
f1ip-'lop. The setting 0' the Pre-Sample 'lip-flop during H6 
time starts the s~mple window, and indicates the EXT COMP SYNC is 
at the vertical retrace int~rval. 
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Figure 6-9 M7061 Vertical Sync Circuit~ -
Detailed Diagram 

The "1" output from the Pre-Sample flip-9lop drive~ the "D" input, 
of the Sample flip-flop, ~hile the "0" output is applied to the 
Pre-S~mp1e NAND gate. When CaMP SYNC is asserted' (during 
vertical retrace). a Match condition i~ gated to one input of the 
Sample gate. At this time SAMPLE CL~ 9rom the Horizontal Sync 
and VCO circuits clocks the SamplR flip~flop. The Sample 
flip-flop sets. providing an input. to the Sample gat. and 
reestablishing the sample windo~. The sample ~indow is lost 
during the time the Pre-sample flip-flop is set and when Mat,h is 
generated. This is due to the phase shift b.t~een EXT CaMP SYNC 
and COMP SYNC. To compensate 'or this, th. Sample flip-flop i. 
used and clocked with SAMPLE CL~. SAMPLE CL~ occurs within the 
retrace interval and provides enough time for EXT CaMP SYNC and 
COMP SYNC to become ph~se matched. At the Pre-Sample gate. the 
~t.te 0' Match is compared to the zero output from the Sample 
flip-flop. If a match is sensed during sample time, gat. do~n 
(QATE OWN) remains high and no further action tak.s place. This 
indicates that the vertical counters are synchronized to the 
incoming EIA RS-170 sync signal. On the other hand, i9 Hatch is 
net tru. at sample time, GATE DWN go •• low after count down (CNT 
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OWN) goes high. A low to high transition 0' GATE OWN cause. the 
vertic~l counters in the Sync Qenerator circuits to count down. 
The counters will continue to count down until the output 0' the 
Sample flip-flop goe. to the "1"state. When this harpen. a match 
oc curs and QATE OWN g r es hi 9 h Th e si'mp Ie wi nd OUI i, termi nated 
when CH DRIVE 'rom the Sync Oenerator i. negated. Thi. occurs 
Just before half-line time. Several .ample. may take place 
before synchronization occurs. 

A .ample is per'ormed three times during each 'ield. Succe •• ive 
sample. and non-matche. will ultimatelv count the vertical 
counters down until a match i. obtained. Therea,ter, .ucce •• ive 
sample. will no longer cause a count down once a 'ull vertical 
retrace interval match is obtained. Figure 6-10 .hows the 
relationship between the sample time. and the EXT COMP SYNC 
sigT.al. 

EXTERNAL COMPOSITE SYNC SIGNAL 

~uuUUU--U-UUUU-
EQUALIZING PULSE 
INTERVAL 

SAMPLE TIMES DURING 
VERTICAL SYNC PULSE 
INTERVAL 

VERTICAL SYNC PULSE 
INTERVAL 

Figure 6-10 
Vertical Sync Sample Times 

6.3.6 Cursor Control Circuits 

EQUALIZING PULSE 
INTERVAL 

The Cursor Control circuits perform the 'ollowing 'unction.: 

MA-1:M7 

1. Calculate the X-V position of the cursor crosshair. 'or 
display on the system monitor. 

2. Control the intensification (on/off) of the cros.hairs. 

3. Convert the position of the Joystick lever to a variable 
clock which· is used to clock a counter 'or calculating 
the X-V Joystick positions. 
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4. Decode the JO~5tick 
Display Processor 
accessed. 

channel address provided bV the 
when M7061 registers are being 

5. Read the cursor X-i position to th\, Displ,,~ Proce.sor. 

6. Oenerate th e ~oy sti c k Swi tc h interrupt. 

7. Oenerate the Cursor Hatch interrupt. 

8. Load the Cursor X-V position from the Display Processor. 

A discussion on each 0' these functions is included in the 
following paragraphs. 

6. 3. 6. 1 Control ROM And X-V, Del ta-V Hemor" Log i c -

Sheet 1 of Figure 6-11 illustrates the Cursor Control ROM and 
X-V, Oelta-V Memory logic. This logic uaes an X-V, Delta-V 
Counter (hereafter re'erred to as the counter) and a 4-~ord by 
12-bit memory (X-V, Delta-V Memory -- here.fter referred to a. 
the memory) for calculating the X-position and V-po.ition 0' the 
crosshairs, and for counting horizontal lines (Delta-V) 'or 
intensifying the V-crosshair. Each previous X. V. or Delta-V 
calculation is stored in the memory, then loaded ~to the counter 
and counted up or down for the new X-position, V-position, or 
Delta-V calculation (Delta-V is alway. counted up>. The new 
calculations are then stored in the memory for us. during the 
next calculations. X, V, and Delta-V have s.parat. locations in 
the memory. 

Th. control function for the Cursor Control circuits is performed 
b~ the Control ROM, Latch A, the ROM Addre.s Control, the 4: 1 MUX 
(multiplexer), and the ROM Address Counter. Two routines ar. 
stored in the Control ROM. One routine is the calculating 
r~utine (ROM locations 00 through 17) and is used for calculating 
the X-V Joystick positions. The seco"d routine is a draw routine _ 
(ROM locations 20 through 37) for drawing the crosshairs on the 
system monitor. Th. calculating rout in. is perform.d during 
vertical retrace time when vertical blanking ia true (low). The 
dra", routine is performed during active monitor display tim •. 
Entrance to the calculating and draw routine. are controlled by 
ROM MS8 (derived 'rom V BLAN~) and ADR CLK 'rom the ROM Addr ••• 
Counter. 

These signals control the address inputs to the Control ROM. 
When ROM MSS is low the calculating routine is entered. The draw 
routine is entered when ROM MSS is high. Se~uencing within each 
routine is controlled b~ the ROM Addres. Control lines 'rom the 
Control ROM to the ROM Addre.s Control. 
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M7061 Cur50r Control Circuit5 

(Control ROM and X-V, Delta-Y Memory Logic) 
Detailed Diagram (Sheet 1 of 6) 
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CONTROL 
LOGIC 
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When calculating the X-V Jo~stick positions, the ROM program 
monitors the polarit~ 0' the voltage from the JoV.~ick b~ 
sampling the AID POL input to the 4: 1 MUX. The BUTT output from 
the MUX controls the LSB of the ROM address for branching ~ithin 
the calculating and draw routines. ' If AID POL is low (Jovstick 
moving to the right or up direction), the calculating routine 
s.ts the counter to count up. Conversel~, AID POL high (iOV5tick 
moving to the left or down direction) sets the counter to count 
down. The CTR UP and eTR MSB signals from the Control ROM 
determine the counter direction. At the completion 0' vertical 
blanking time [B V BLAN~ L f.lse (high)], ADR CLR and ROM CHQ ENA 
cause the Control ROM MSB to change, thus entering the draw 
routi ne. 

During X-V calculations, 
memorv to the counter. 
up Dr down depending on 

the previous X-position is re~d from the 
The counter is then set to count either 

the direction the Joystick is being 
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moved. CTR CLK now clocks the counter for 300 uS. When the 
counter is stopped, it contains the ne~ X-position of the 
Jo~s~ick. This ne~ X-position is then written to the memorv for 
storage, replacing the previous X data, and is used during the 
next X-position calculation. Next, the previous V-position is 
r.ad 'rom the memorv to the counter. Again, the counter is s.t 
to either count up or down depending on Jo~stic~ mov.m.nt. The 
counter 1s ~g.in clocked 'or 300 uS and stopped. At the end of 
the count, the ne~ V-position is ~ritten to the m •• or' for 
storage and used during the n.lt V-position calculation. 

The X-V, D.lta-V counter and X-V, Delta-V memor~ ar. also us.d to 
calcul.te which svstem monitor raster lin. is to be int.nsifi.d 
'or the display 0' the horizontal (V) crossh.ir. For this 
c~lculation, D.lt.-V from the m.mor~ is counted up until the 
count equals the raster line that is to b. intensified. In 
essence, the counter is counting horizontal blanking pulses ~hich 
occur at the end of each raster lin.. Delta-V is th.refore 
incremented as raster lines are traced on the svst.m monitor. 
The count (CTR DATA 00-09) from the counter is .ppli.d to the 
Intensity Control logic (she.t 2) to intensify the rast.r line. 

b. 3. b.2 Intensit~ Control Logic -

Figure b-ll. she.t 2. r.hows the Intensitv Control logic. Th. 
x-v, Delta-V Counter dat. (CTR DATA 00--09) is ~pplied to the 
V-Line Draw Control ROM. This ROM is programmed with the maximum 
number 0' visible r.st.r lines 'Dr a VSVII/VSII svstem monitor. 
Visible raster line maximums are: 480 90r bO Hz, 512 for 50 Hz. 
The maximum raster line number for the V-Line Dra~ Control ROM is 
selected by the B ODD FRAME L, NON INT, and 50 Hz inputs to the 
ROM. When Delta-V data (CTR DATA 00-09) match •• the raster lin. 
count stored in the V-Line Draw Control ROM, the ROM output go •• 
lo~. Delta-V LINE ENA is applied to Latch B and the latch is 
clocked (CLK LATCH B>' The low output from Latch B enables .. 
NAND gate, the output of which sets the H-Line flip-flop. Th. 
output 0' the H-Line flip-flop is applied to a NAND gate. If the 
Crosshair Enable flip-flop h~s been set by ~oystick Status 
instruction bits 04 and 05 (Crosshair .Intensitv and Cros.h.ir 
Intensity Enable, respectively -- refer to Chapter 3) ~SV DATA 
will be applied to the Sync Generator DAes for one raster lin •. 
Thus, one raster on the system monitor will b. intensified. Th. 
intensified raster line is the horizont.l line 0' the erosshair. 
At the end of the raster line B H BLANK goes low and clocks the 
H-Line flip-flop to the reset state. If the small cursor i. 
selec ted, th e H-Li ne f 1 i p-f lop is gated wi th th. c ounter. ~SV 
DATA is .n.bled 90r 17 pixel positions when the counter reache. 8 
pixel positions before the crosshair position. 

The vertical (X) crosshair results from gating Delta-X RIPPLE eLK 
through the NAND gate. This pulses ~SV DATA low once for each 
ra.ter line. Thus, th. vertical crosshair is it s.ri ... of 
vertical intensi'ied spots on the system monitor. Aa with the 
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horizontal crosshair, the Crosshair Enabl. flip-flop must b. ..t 
.nd B H BLANK Land B V BLAN~ L must b. high to enable the AND 
gate. II the small cursor is selected, Delta-X RIPPLE eLK is 
g.ted with a flip-flop which is •• t when nelta-X i. eight ra.t.r 
line. of the horizontal crosshair position. 

Y LINE ENA ... --...., 

CTR 
DATA ....-.---...., 

Y CURSOR LSBe__----.,. 

000 FRAME.-----~ 

NON INT_..----..,. 

50HZe-----~ 

CURSOR 
ROMS 

B H BLANK L .---'------4[J C 

H LINE 
FLIP· 
FLOP 

Figure 6-11 

H LINE 

ENA 16 V LINES 

CROSSHAIR 
ENA (1) H 

~XCTR 

DATA <B 

M7061 Cursor Control Circuits 
(Intensitv Control Logic) -

D.tailed Diagram (Sheet 2 0' 6) 
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6.3.6.3 AID Rate Control Logic -

The_AID Rate Control logic i •• hown on .heet 3 of Figu~. 6-11. 
Thi, logic conv.rt. the an~log volt_ge froM the Jo~.tick into -
dig,tal clock 'or the X-V, Delt~-V counte~ on she,'t 1. T~le cloc~ 
rate v.rie. with the .mount 0' Jo~.tick movem.nt. 

When c~lcul.ting the X-crosshair position, the Control ROM 
assert. X AID ENA. B ODD FRAME L 'rom the S~nc generator 
circuits is alw.y. high in Non-Interlaced mode. The.. t~o 
signals are gated to produce RUN X AID which enabe. X IN to the 
analog switch, and al.o enables the Divid.-By-16 counter. X IN, 
which can vary 'rom +1 V to -1 V, depending on the Jo~.tick 
position, passes through the Analog Switch and i. applied to the 
Absolute Value Converter. From the X Dr V input, the Absolut. 
Value Convert.r produc.s AID POL which indic.te. the direction in 
which the Jo~stick is moved. AID POL is .pplied to the 4: 1 HUX 
on sheet 1 to control the LSB 0' the Control ROM .ddr.... Th. 
+1 V to -1 V X or V input to the Absolut. Valu. Converter i. 
converted to a voltage 'rom 0 V to 4 V at the converte~ output. 
This voltage is applied to • timer which produces AID CLK. Th. 
number 0' AID CL~ pulses varies according to Jovstick movement. 
From the timer, AID CLK is applied to the Divide-bv-16 count.r 
which has been enabled by RUN X AID. Thi. count.r divide. AID 
CLK b~ 16 and applies it through an OR g~t. to the 4: 1 MUX. Th. 
dividing Or AID CL~ is nece5sar~ to produce the proper clock rat. 
ror the X-V, Delta-V counter on sheet 1 when c~lculating X- or 
V-crossh~ir positions. Th. V IN input from t. JoV.tick i. 
handled by the AID and control logic in ~ mann.r .imila~ to that 
Just described for the X IN input. RUN V AID •• lect. the V IN 
input and enables the Divide-b~-16 counter. 

The X-V, Delt~-V counter on sh •• t 1 is clocked bV CTR CLK 'rD. 
the 4: 1 MUX (sheet 3>' Three dif'erent clock. (CTR CLK) can be 
applied to the counter, d.pending upon the tvpe 0' calCUlation 
(X, V, or Delta-V) being per'ormed. Th. 4: 1 HUX selects th ••• 
clocks and applies them to the counter via the CTR CLK line. 
When calculating X- or V-cros.hair positions, the X-V CLK from 
the Divide-b~-16 counter is selected. When drawing the 
X-crosshair (vertical), B eLK is selected, as this clock is used 
to clock pixels to the s~stem monitor.. Th. vertical crossh.i~ is 
actu.lly intensified pixel positions. During the drawing of the 
V-crosshair. horizontal blanking pulses are counted. Horizontal 
blanking is the V CNT input to Latch B. V CNT is counted twic. 
90r each 9ram_. This provides positioning 0' the horizontal 
crosshair within the proper frame. 
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Figur. 6-11 
M7061 Cursor Control Circuits 

(AID RAt. Control Logic) 
D.tail.d Diagram (Sh •• t 3 0' 6) 
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6. 3.6.4 ~o~stick Address DecodetSwitch Interrupt Logic -

The ~o~.tick Addres. Decode/Switch Interrupt logic decodes the 
JO\j.tick addre.s for Jo~'tick .election and genprate. tt,e Switch 
interrupt to the H7064 Di~pla~ Proce.sor ~Ihen tha Joysticle switch 
is pr.ssed. 

Sh •• t 4 of Figur. 6-11 illu.tr.t.. the ~o~sticlc Addr ••• 
Decode/Switch Interrupt logic. Four Jovsticlcs c.n be .ccomodated 
b~ the VSV11/VS11 s~stem if four H7061 SVnc generator/Cursor 
Control modules ar. us.d. Each Jo~.tic Ie h •• a uniClu •• ddr •••. 
These addr@sses are @ncod@d in bit. OB and 09 of the ~oV.ticle 
Statu5 instruction and are appli.d to the M7061 by the Displ.~ 
Proce.sor vi. DaUS Data bit. 10 and 11. "'o~sticle address 
decoding i. accomplished on the H7061 module and i. s.t up bV 
Jump.r. W5, W6, W7, and WB. The Joy.ticle addre"se. .nd the 
Jumper configuration. are a. follows: 

~o~stick 
Addresses 

00 

01 

02 

03 

OUT 

OUT 

IN 

IN 

IN OUT IN 

IN IN OUT 

OUT OUT IN 

OUT IN OUT 

A system with one Jovstick ha. it. addres. at 00. When the 
proper Jo~stick address is placed on the DaUB (bit. 10 and 11) 
and decoded along with ~S STATUS from the D SEL Line Decoder on 
sheet 5, INTR CLR is applied to other M7061 module. in the .y.te. 
to prevent them from generating other Jo~stick interrupt.. STAT 
eLK clocks all the H7061 status flip-flops. The Switch Enable 
flip-flop is set when DBUS 00 and 01 (Switch Interrupt Enabl" and 
Switch Interrupt bits, respectively of the ~ovstick Statu. 
instruction) are asserted and when STAT CLK clocls the flop. 
When the Switch Enable flip-flop is clocked, DBUS 00 is stor.d. 
Now, when the Joystick interrupt switch is pres.ed, ~S SWITCH 
goes low. This gates the zero output of the Switch Enabl. 
flip-flop to the Switch Interrupt flip-flop, thus setting the 
Switch Interrupt flip-fiop. When the Switch Interrupt flip-flop 
sets, ~S SWITCH INTR is sent to the Displav Processor via the 
DBUS. Only one switch int.rrupt can b. gen.rated as the Switch 
Interrupt Enable flip-flop is automaticall~ reset after the first 
interrupt is produced. This prevents multiple interrupts from 
occurring if the Joystick int.rrupt switch i. pressed more than 
once. A new switch interrupt can only b. initiated if another 
~oV.tick Status instruction enables it ag.in. 
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M7061 Cursor Control Circuits 
(~ovstick Address Decode/Switch Interrupt Logic) -

D.t.iled Diagr.m (Sh •• t 4 0' 6) 
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b. 3.b. 5 Read x-v logic -

Th.-cursor position stor.d in the X-V M.morv (.h •• t 1) can b. 
r.aJ by the Displav Pr~c.ssor through the Jovstick Statu. 
i\l,tructioY., or ",h.n the Jov_tick inttPrrupt ... it,:h is pr •••• d. 
She.t S 0' Figur. b-ll illu.trat •• the M70bl R.ad X-V logic. 

Wh.n the JoV.tick S .. itch int.rrupt (JS SW INTR) is g.nerat.d, the 
Display Proce •• or r.sponds with • request 'or the cursor 
coordinates. JS SW INTR, D SEL 00--03, and D PULSE are decod.d 
to produce READ ENA, which pr ••• t. the R.ad flip-flop. Thi. 
produce. READ (1) l which enabl •• the READ X and READ V AND gat.s 
and the 3-.tatlt drivers. Next, SEND X i. produced (sh.et 6) a. 
the result of decoding the RD X CUR command from the D SEL lin •• 
from the Displav Processor. SEND X i. gated with READ (1) Land 
i. clocked into the Data Ready flip-flop with B CLK. When the 
Dat. Re.dy flip-flop .et.. DATA ROY i. .ent to the Di.plav 
Proce •• or. Meanwhile. READ (1) H cau.ea the Control R~ (aheet 
1) to rtPad the X-position data out of the X-Y, Delta-V Memorv 
(sheet 1) onto the HEM DATA 00--09 lin •• to the 3-atat. DBUS 
drivers. The 3-state drivers then transfer the X-po.ition data 
to the Displav Processor via the DSUS. 

When the X-position data i. stored in the Di.plav Processor. the 
processor encodes the D SEL lines (sheet b) with a RD V CUR 
command to read the V cursor position data. The Dat. Readv 
9lip-flop is again stPt, generating DATA RDV. Sr."'lD V caus.s the 
Control ROM to read V-position data from the X-V, O.lta-V M •• orv 
to the 3-stat. drivers and to the Display Proc.ssor. 

Th. X-V Joystick position can also be read bV the Displav 
Processor via the issuance of the Jovstick Status instruction. A 
Joystick Switch interrupt is not r.quired. This r.ad occurs wh.n 
the Display Proce.sor sets DSUS 06 to a one (DBUS 06 is the 
result of bit Ob of the Joystick Status instruction). DBUS 06 is 
gated with READ (1) L which is in the zero stat. at this time. 
The Read flip-flop sets when clocked by elK READ, which is the 
NOR gat. output of STAT eLK. SEND X Dr SEND V cause. DATA RDV 
and the transftPr of thtP X- or V-position data from the X-V. 
Delta-V Memory to the Display Processor .s previouslV .xplain.d 
for the JS SW INTR read. 
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6.3. 6.6 ~oV.tick Match Int.rrupt Logic -

Th.-~oV.tick Hatch Int.rrupt logic <.h •• t 6 of Figure 6-11) 
prod"ce. the ~oy.tick Match int.rrupt (~S MATCH INTR) ..,hen the 
Joe,.tick pOf,1tion (X and V) matches .. pixel loca~ion which i. 
being written into the Imag. M.mory by the Di.pla .. Proc.ssor at 
the time the Joy.tick int.rrupt .witch is pr •••• d. The int.rrupt 
occurs if the M.tch Enable flip-flop is s.t by a Joystick Status 
instruction. STAT CLK is gat.d with DaUS 03 (Match Int.rrupt 
Enabl. bit) to clock DBUB 02 (Match Int.rrupt) to the Hatch 
Enable flip-flop. The Match Enable 91ip-flop s.t., .nabling a 
NAND gate. Wh.n the Joy.tick .witch i. pr •••• d the comparator. 
are ~nabled. 

Me.nwhil •• the Control ROM (sh •• t 1) caus.. the X-V Delta-V 
M.morv to plac. X-position data on the MEM DATA 00-11 lin •• to 
the comparator. DBUS 00-11 lin.. to the comparator have X 
position o,f the pix.l data written to the M7062 Image Memory bV 
the Display Processor at this time. If the data on the MEM DATA 
lines compares with the data on the DaUS lines, the comparator 
produces HATCH. Since the first compare compare. for an X-match. 
MATCH is clocked into the X-Match flip-flop by LD X. The X-Match 
flip-flop store. the condition of the X-Hatch. 

When X match.s. the Control ROM (sheet 1) cau ••• the X-V, Delta-V 
Memory to place V-position data on the MEM DATA 00--11 lines. At 
this time. the DB US 00-11 line. have the V-position of the pix.1 
data which i. being written to the Imag. M.mor\ by the Display 
Proc •• sor. Again, a MATCH occurs when the data on the MEM DATA 
line. matches the data on the DaUS lin... Thi. tim. the MATCH is 
for the V-position and it i. clock.d into the V-Match flip-flop 
with LD V. When the V-Hatch flip-flop set •• JS MATCH INTR L i. 
sent to the Display Proce.sor. Th. Match Interrupt logic s.eks a 
match as long as the Joystick interrupt .witch is pr •• sed. The 
interrupt is clear.d when MATCH ENA goes low. 

0.3.0.7 Load x-v Logic -

The x-v Memorv can be written into by. the Display Proce •• or. 
D SEL 00--03. D PULSE 00. and ADDR MATCH produce WRT X or WRT V. 
Either .ignal will force the Control ROM into address zero and 
select PROM E19 instead of E29. The data is tak.n from the DBUB 
and loaded into the counter. Then it is t~.nsgerred into the X-V 
Memory and the DATA READY signal is sent to the Displ~y 
Processor, indicating the data is stored and ready. Th. Di.plav 
Processor encodes a zero on the D SEL 03-00 lin •• and enable. the 
D PULSE to the Control ROM to transfer the data. 
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6.3.7 H3060 Jovstick 

"",,-,toe 

Th. H3060 ~ovstick is suppliwd with VSV11/VS11 svst.ms using th. 
H7061 Svnc genwratorJCursor Control modul.. Th. ~o .. stic Ie 
consists of two 5K ohm potwntiom.twrs (Figurw 6-12) Mount.d .t 
right .ngl.. and mechanically coupl.d to the Jovstick cont~ol 
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l.ver with. gimb.l coupling. The gimb.l coupling tran.'.r. 
movem.nt 0' the Jo~stick control lever to the X- .nd V-position 
potentiometers. ~ovstick control lever .ove.ent in onlv the 
X-dir-ection onl~ .ffect. the X-position potentiom.ter, the ..... 
is true 'or mov.ment in the V-dir.ction ."eeting the V-position 
potllntiomet~r. Bot.h potentiometers ilre ."..feted b" eClu.l ... ounts 
when the Jo~stick control lever is moved at a 45 degree angle 
'ro. its center position. 

-. 

X IN (± 1 V) .. .. 
X-POSITION 
POTENTIOMETER 

+5 V-t---t 

-5 V Y IN (± 1 V) .. .. 
Y-POSITION 
POTENTIOMETER 

. DUAL JOYSTICK SWITCH 

X. JSSWITCH 

,. 

L ___ -

---, 
PART OF , 

VCG04 I 
+5V 

- - __ J 

TOJ3 
ON THE SYNC 
GENERATOR 

MR·1808 

Figurtt 6-12' 
H3060 ~oystick Circuits 

Each potentiometer has 10 V (+5 V and -, V) across it. ih. 
output 0' @ach potentiometer can var~ 'ram +1 V to -1 V, 
depttnding on the amount 0' Joystick control lever movement. When 

_ the Joystick control lever is centered both potentiometers .re 
tentered and their outputs are zero. The Joystick control lever 
is .pring-Ioaded to the center position. Trim tabs are provided 
to allow "trimmingN a' the potentiometers at the center position. 
If the potentiometers are not centered when the Jovstick is 
r.l •••• d, the vertic.l or horizont.l cros.h.ir (or both, 
d.pending on which potentiometer is out of calibrationj ~il1 
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drift. Vertical crosshair dri,t is compensated by adJusting the 
trim tab located in the vertical slot towards the right 0' the 
Jo~stick control unit until Movement o'the crosshair .top •. 
Dri-,t 09 the horizontal crosshair i. o9'set bV the trim tab 
located in the horizontal slot Just belo~ ~he Joystick control 
lever. 

In addition to the Jovstick control lever, the H3060 ~Dystick ha. 
dual interrupt s~itche.. These .~itches are located under pad. 
on ~ach .ide 0' the Joy.tick control lever and are u.ed to 
produce the Switcb and Match interrupts. The switches are ~ired 
in parallel and control the JB SWITCH .ignal to the SV nc 
Oenerator module. Normallv, ~S SWITCH is pulled to +5 V through 
a r~5istor on the Sync generator module. When either •• itch i. 
pressed, ~S SWITCH is grounded (active .tate) until the .~itch i. 
relea5.d. 

The H3060 Joystick is e,uipped with an eight-'oot (2.29 .eters) 
cabl~. This cable connects to a 20-'00t (S.7 meter.) cable (part 
number 7015B~2 supplied with the SVnc g.nerator and JoV.ticki 
which in turn connects to ~3 on the SVnc generator module. The 

.Sync generator supplies operating voltage. and a ground 'Dr the 
Jovstick. 

6. 3. a 5 V Converter 

The Sync Generator DAC and Sync Stripper circuits use -S V in 
addition to the normal +S V. A dc-to-dc inverter (not 
illustrated) is used to convert +5 V to -5 V. The inverter is 
comprised 0' a transistor multivibrator u.ing a .aturable 
trans90rmer, a negative diode recti'ier, and an L-C filter. A 
three-terminal regulator produce. regulated -5 V 'or the OAt and 
Sync Stripper circuits as well .s the H70~2 Image Hemorv .odule. 

6.3.9 Video Bus 

The Video Bus is • bus structure ~hich provides an 
interconnection scheme between anv two .uccessive C-D slots on an 
H9273 type backplane. Interconnection. are wired dai.v-chain 
'8shion 'rom side t~o 0' the 'irst slot to side one 0' the .econd 
slot, and 'rom side two 0' the second slot to side one 0' the 
third slot. Thi. pattern repeats 'Dr all nine C-D slots 0' an 
H9273 type backplane. 

Modules designed to 'unction together a. module sets <such as the 
M7064, M7061 , and M7062) are inserted into the C-D slot. 0' an 
H9273tvpe backplane. The VideD Bu. imple.ented on this C-D 
Interconn.ct provides for th. exchange 0' data and control 
signals b.tw •• n modules in the VSV11 module set. 
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There can be up to 33 signals on the Video Bus. 
are broken down into three broad categores: 

2. Timing and S\lnchrollization 

These signals 

For the M7061 , the video data (V DATA 00-07) lin.s con.ist of 
eight Video Bus lin.s. These line. ar. driv.n bV the Im.g. 
Memor .. module and are terminated at the S\lnc g.nerator. Timing 
and s .. nchronization line. 'or the S .. nc Oenerator consist of 
B CL~, B ODD FRAME. B V BLANK, B H BLANM, B H CLR, STALL, 
V H CLR, 50/60 Hz, and NONINTERLACE. Thes. signal. are generat.d 
by the S .. nc Generator and are driven do~n the Video Bu. and 
terminated on the Displa.. Proce.sor module. In addition, the 
Svnc generator timing and svnchronization lines are connected 
91' am side one to side t~o 09 the S .. nc generator module. Thi • 
• llo~s these signals to be passed do~n the Video Bu. b ... e.n. 0' 
the dais.. chain interconnections. Table 6-1 list. the S .. nc 
Oenerator 9inger connections and the associated signal.. Note 
that except 901' DAI. DC1. DT1, and DV1, side one hDh fing.r. 
carr .. the same signal. as side two hD" fingers. Th. "D" finger 
signals are the lines an the Video Bu. ~hich are dais .. -chained 
through all modules on the bus and terminate at the Displa .. 
Processor. On the other hand, Table 6-1 shows that the B video 
data line. (V DATA 00-07) are onl.. connected to ~ide two ftC· 
finger pins. The video data lines are terminated on the 9 .. nc 
generator and are nat passed to other module. an the bu.. Al.o, 
one Sync generator onlv utilizes four video data line.. A 
minimum 09 t~o modules are required to make use of all the video 
data lines. However, a small graphic -vste .. ma .. u.e onl\l one 
S .. nc generator module. 

It was previously mentioned that the M7061 , H7062, and H7064 are 
a graphic module set which are designed to function together over 
the Video Bus. These modules must be inserted into the Video Bus 
in a speci9ied order. The specified order considers Video Bu. 
modules as first, middle, and last modules. The first module is 
inserted into the first (lo~e.t numbered) slot (not necess.ril .. 
slot one) on the Video Bus. This modul~ ma.. or m... not have 
signals on side one 9ingers since it is not required to p ••• 
signals to an adJacent module (module in first used slot minus 
one>. However, signals on side twa fingers of the first module 
are connected to the second module in the adJacent slot (first 
used slot plus one). In the M7061, H7062, M7064 module set, the 
H70bl module is classified as a first module. 
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Table 6-1 
1'17061 Finger Pin Assignments (See Note> 

tiC" Fingers IIDn Fingerl 
(Sid" 1 -- fji gntll (Side 1 -- SignAl 
Component Component 

Side) Side) 

CAl Not Used DAl Not U.ed 

CSl DBl Not U.ed 

Cel DCl Not Used 

CDl DDl Not Used 

CEI DEl B ODD FRAME 

CF1 DF1 B •• BLANK v 

CHl DH1 B H BLANK 

C~l D"-'1 B H CLR 

CKI DKI Not Used 

CLl DL1 Not Used 

CMl DMl 50/60 HZ 

CN! DNI NONINTERLACE 

CPl DPl B COMPOSITE SYNC 

CRl DRl INIT H 

CSl Not U.IPd DSl B CLK 

CTl QND DTl QND 

CUl Not Used DUl Not Used 

CVl Not Used DVl Not Used 
-------------1---------------- ------------- ------------------

NOTE 

Except 901' the po~.r and ground 
lingers, the "An and "8" lingers of 
the S~nc generAtor module are 
unused. 
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Tabl. 6-1 (Cont'd) 
H7061 Finger Pin Assignments (S •• Not.) 

ne" Fingt:rs 
(Sid. 2 --
Sold.r Sid.) 

CA2 

CB2 

CC2 

CD2 

CE2 

CF2 

CH2 

C~2 , 

CK2 

CL2 

CM2 

CN2 

CP2 

CR2 

CS2 

C12 

CU2 

CV2 

liD" Fing.,..s 
Signal (Sid. 2 --

Sold.r Sid.) 
Signal 

+5 V DA2 +5 V 

Not U.ed DB2 Not Us.d 

QND DC2 QND 

Not U •• d DD2 Not U •• d 

V DATA 0 DE2 B ODD FRAME 

V DATA 1 DF2 B V BLANK 

V DATA 2 DH2 B H BLANK 

V DATA 3 D~2 B H CLR 

V DATA 4 DK2 STALL 

V DATA 5 DL2 Not U •• d 

V DATA 6 DH2 50/60 HZ 

'V DATA 7 DN2 NON I NTERLACE 

V DATA 8 DP2 B COMPOSITE 

~S DATA DR2 INIT H 

Not Used DS2 • B CLK 

Not Used DT2 Not Used 

-5 V DU2 Not U •• d 

HEM STOP DV2 Not U •• d 

NOTE 

Except 'or th. power and g~ound 
fingers, the "A" .nd US" 'ing.". of 
the S~nc Generator module are 
unused. 
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A middle module is • module that cOMmunicate. with the preceding 
and next modules in the module .et. Thi. module ha. finger. on 
side one connected to fingers on side two to allow signals to 
pass down the Video Bus to the last module. If the H7061 is the 
'irst module. svnchronization and timing signals generated on the 
H7061 are passed to the .iddle module (H7062 Image Hemorv). The 
middle module, in turn, pa.ses the synchronization and timing 
signals to the last module (H7064 Display Processor). In the 
H7061, H7062, H7064 module set, the H7062 image .emory Module is 
classified as a middle module. 

The last .odule can onlv communicate with the modules preceding 
it. As its name implie., the last module is the last module on 
the Video Bus (not necessarily the last slot) and has bus 
interconnect. only on the side one fingers. Side two finger. ma~ 
have Signals which are used for te.ting or other purposes, but 
these signals are not connected to the Video Bus. In the H7061. 
H7062, H7064 module set, the M7064 Display Processor module is 
classified as a last module. 

Thus far, only a basic graphic svst.m consisting of a H7061 , 
M7062, M7064 module set has b.en considered. A larg.r graphic 
5~.tem mav hay. up to four each of H7061 and H7062 module. and 
one M7064 module. For this svstem, the M7064 is still the last 
module, and one M7061 module is the first Module. The "7061 
selected for use as the first module would have an active S~nc 
Oenerator. This M7061 can be considered as the master H7061. 
The remaining three M7061 modules have their S~nc generator 
circuits disabled (b~ mean. of a .witch on the H7061) and are 
then classified as middle modules along with the H7062 modules. 
Only the DAC and Cursor Control circuits in the.e H7061s are 
used. This graphic s~stem would be a system using all nin. vid.o 
bussed C-D slots on an H9~73 type backplane. The H7064 Module (a 
last module) would occupv slot nine; slot. eight, six, 'our, and 
two would cont.in M7062 modules (middle modules), ..,hil. slots 
.even, five, and thr.. would cont.in H70b! modul,s (middle 
modules) with disabled Sync Oenerator circuits. Slot one ~ould 

contain the H7061 module (first module) with the active Sync 
generator circuits. This typical graphic system could operate 
four monitors. Note that in this svstem each M7062 is paired 
..,ith a H7061. Whenever. H7062 Image Memorv module is used, one 
M7061 SVnc generator module must be us.d along with it. However, 
a graphic system only requires one active SVnc generator to 
supply synchronization and timing. The paired M7061 and M706~ 
modules onlv use the DAC circuits on the H7061 module. 
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CHAPTER 7 

MAINTENANCE 

7. 1 INTRODUCTION 

The maintenance philosoph~ fo~ the VSVll/VSll i. co~rective 

maintenance b~ replacing a failing module (M7064 Displa~ 
P~ocessoT; M7062 !mag. Memory, M7061 SVnc Qen.ratuT-ICuT-suT
Cont~ol, or monitor module) or an as.embl~ (Cable. ~o~stick>' 
S~stem failures are uncovered b~ running the DEC/XI1 s~stem 
Exerci~.r ('or PDP-1t) or the VS11 Level 2 Diagnostic (for VAX)' 
19 the running of these programs points to a 9ailing VSV11/VS11 
unit, the VSVI1/VS11 standalone diagnostic is then run to aid in 
determining which module or assembly within the VSVll/VSll is 
failing. A 9ailing module o~ a5sembl~ can be isolated with the 
aid of the troubleshooting tables provided in this chapter. 

There are no preventive maintenance procedure. or periodic 
alignment or adJustment procedures for the VSV11/VS11. 

7. 2 TOOLS AND TEST EGUIPMENT 

The only tools required to m~intain th@ VSV!!/VS!! are an 
oscilloscope (such as a Tektronix 485), a logic p~obe. a 
Volt-Ohm-Milliammeter (VOM), and a small common-blade screwdriver 
suitable for making potentiometer adJustments. With the 
exception of the oscilloscope, these tools are contain.~ in the 
DIGITAL Field Service Tool Kit. 



7. 3 TEST PROGRAMS 

A DEC/Xli module is supplied fo~ using the V9Vll/VSll 
option with PDP-11 and LSI-l1 s~~tems. Running DEC/Xli 
in determining a failing option (such as the VSV11/VSll) 
not aid in option repair. Option fault isolation 
determined through use of the specific option diagnostic. 
to the instructions supplied with the DEC/XII module for 
the VSV11/VS11 within the DEC/XII S~stem Exercis.~. 

7.3.2 VAX/VMS Level 2 Diagnostic 

graphics 
will aid 
but may 

can be 
Refer 

running 

The program EVTCA is provided for use on VAX-tt s~stems in order 
to aid in finding s~stem problems and to allow on-line t.~ting. 
It is a subset of the standalone program EVTCB, described in 
Paragraph 7.3.3. It runs under the VMS operating s~stem with the 
VS11 driver. If problems are encountered when running this 
program, note the symptom and then use the standalone diagnostic 
EVTCB to isolate the cause. 

7.3.3 VSV11/VSll Option (Standalone) Diagnostics 

The program CVVSA is supplied for use on PDP-l1 and LSI-11 
systems; the Level 3 program EVTCB is supplied for use on VAX 
systems. These programs are nearl~ identical, differing onl~ in 
the format of error reports and operator dialog. In the 
discussions which follow, therefore, the~ will be ref.rred to 
merely as lithe diagnostic". 

The diagnostic consists of 35 tests which exercise the VSVII or 
VS11 graphics option. Thes8 tests make use of the complete 
VSV11/VS11 instruction set to determine whether o~ not the M7064 
Display Processor module, the M7062 Image M.mor~ module(s), and 
the M7061 Sync Generator/Cursor Control. module(s) a~e functioning 
properly. 

Tests 1 through 22 verify M7064 Display Processor operation; 
this set 0' tests is termed the "DPU-Onl~u set becalHHt they can 
be run without communication with the M7061 and M7062 over the 
DeUS Cable <all modules must, however, be plugged into the 
backplane). Test 23 verifie~ the M7061 S~nc Generator/ Cursor 
Control module together with the M7064 Displa~ Processor. Tests 
24 through 27 further test the M7064 Display Processor but 
re~uire communication with the Image Memor~. Tests 28 through 30 
test the M7062 Image Memor~ modules. Test 31 is not used; it is 
reserved for future expansion. Test 32 is a visual display using 
most o~ the VSVll/VS11 instruction set. Test 33 verifies 
operation of the Joystick unit together with the cursor control 
and interrupt circuits on the M7061. Test 34 provides various 
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displays (crosshatch, color bars, etc.) 'or use in adjusting 
displav monitors connected to the VSVll/VSll svst.m. T •• t 35 i. 
a "Configuration Tvpeout" routine which prints out on the console 
termin.l the Image Memory .nd S~nc configuration (1. e., number of 
memCJrv and .vnc .:hannels, numbel of bits in .ach memor~, and 
scanning mode>. 

rest. 1 through 32 can b. run automaticallv in .equ.nce, with 
individual t.st failures (.rror.) indicated on the console 
terminal (not the VSV11/VS11 graphics monitor). An~ test can 
also be called up .nd run individuallv. r •• t. 33 through 35 are 
always "standalone" tests and cannot be run with other tests 
selected. 

After the diagnostic is loaded and running, no operator 
intervention is required beyond the initial start-up dialog 
<selection of units, etc. >. Operator intervention is onlv 
required to call up and run the "standalone" tests. 

As th. di.g"o~tic ~uns: some Q~ the tests provide visual patterns 
on the graphics monitor. Observation of the.e patterns is 
necessarv to verifV operation of circuits which are inaccessible 
to the program. 

Refer to the diagnostic listing 'or details on loading and 
running the diagnostic and for a description of .ach t.st. 

7.4 FAULT ISOLATION (TROUBLESHOOTING) 

Troubleshooting is carried out with the aid of 
program and the two Svmptom/Causa/Correctiva 
presented below. There are two basic classes of 
can occur: 

the diagnostic 
Action tables 

problems which 

1. Program-detected faults, which result in an error report 
printout; us. Tabl. 7-1 to aid in isolating the fault. 

2. Visual lv-detected faults. which do not result in an 
error report but cause a cbrrupt or non-existent displav 
on the graphics monitor; Table 7-1 covers general video 
problems and can be used when a Monochrome monitor 
(VT100) is being used; if a Color monitor (VRV02) is 
being used, use Table 7-2 to aid in isolating video 
fau 1 ts. 

In the listing of problem s~mptQms in the tables, the causes and 
corrective actions are given assuming that no s~mptom appearing 
earlier in the table is present. Therefore, during 
trouble.hooting alwa~s scan the appropriate table from the 
beginning. 

When using the tables, refer to the diagrams in 
location of s"stem components (switches, Jumpers, 

7-3 

Chapter 2 for 
pot.ntiometers) 



and prop.r s.tup oft the .... itch.s and Jump.rs. Note that, in the 
tilbles, the word "potentiometer" is shortened to Hpot". When 
dealing with the VRV02 monitor, refter to the Hitachi monitor 
manual. When deill ing ';he the VT100, rafteT to the VT100 Technical 
Manuill. 

If, in the troubleshooting chaTt5, it is indicated that a cable 
is to be disconnect.d, be sure to reconnect the cable before 
proceeding to another step. If a module is to be removed or 
swapped, make 5ure that power is OFF before action is taken. 
When disconnecting or connecting cables, it is not necessar~ to 
remove power. Note that. when referring to module pins 
(fingers), the pin number is given with respect to the module and 
not necessaril~ the backplane; ie., if the modules are installed 
in a DDVll Hex-height backplane, module pins in the A through D 
slots appear as backplane slots C through F, respectivel~. 

If seveT'al· actions aT'. listed foT' tT'oublshooting a pilrticular 
problem, stop afteT' the step that appears to fix the problem. In 
all cases, after a problem is fixed, alwavs T'un the entire 
diagnostic to make sure thilt other problems did not ilrise. 

Before proceeding with troubleshooting, it is wise to verifv that 
all proper voltages are present on the backplane (Paragraph 2.4). 
In addition, refer to Paragraph 7.5 for a proceduTe to aSSUTR 
proper ~ualitv of video output signal when usir.g the VRV02-BA/BB 
monitor. 

Note that backplane problems can cause a variet~ of failures, 
some of which mas~uerade as module problems. If the normal 
troubleshooting steps do not seem to isolate a problem to a 
particular component. suspect the backplane. In such cases, 
carefullv inspect the backplane for bToken or bent pins, broken 
wires and insulation, broken or shorted etch, solder splashes, 
and fault~ connector slots. It mav be helpful to remove all 
modules and vacuum and clean the connector slots. 

Berore replacing a defective module ... ith one from spares. make 
sure that the switches and Jumpers on the replacement module are 
configured like those on the faultv module (if the faulty module 
had indeed b •• n working at one time). If there i. doubt as to 
the correct settings of switches and Jumpers, refer to the setup 
procedures in Chapter 2 and verify the settings. 
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SYMPTOM 

Bus Hung; 
Can:t Boot 

, S~stem 

"Dead" 
VSV11/VSll 
(Non-Exist
ent device 
register) 

T.ble 7-1 
S •• ic Troubleshooting Chart 

Bad 117064 
Displ.~ 
Processor 

Sad "DW11 
Unibus-to
lSI-l1 Bus 
Converter 
(VS11) 

CORR~CTIVE ACTION 

Replace 117064 (assumes svstem 
is OK without VSV11/VSll). 

Disconnect the c.bles from the 
MB217 module; replace MB217 if 
the problem persists. If dis
connecting the cables fixes 
the problem, reconnect the ca
bles to the M8217 and disconn
ect them from the M9403; if 
the problem persists, replace 
the cab 1 e i " Rem 0 vet h e 1'19403 
and reconnect the cab les; if 
the problem persists, replace 
the M9403. Swap the M7064 and 
reinstall all modules; if the' 
problem persists, inspect the 
backplane and replace it if 
necessary. 

Address Verif~ settings of switches on 
switches on DIP switch pack E31 of M7064. 
M7064 
improperl", 
set. 

No Timing 
(VBUS signal 
S-eLK): B~d 

117061 Sync 
Generator, 
bac k p lane, or 
other module. 

Wrong Grant 
Card 

Verif'JI with oscilloscope 01' 

logic probe, that B-elK (BO nS • 
s~uare wave) is pre.ent on pin 
DS1 of M7064 and DS2 of 117061 
(FS1; FS2 if DDV11 backplane). 
If it is on neither pin and 
external sync is being used, 
verify that the external sync 
source is being applied to· the 
M7061i adJust pot R48 on the 
M7061; if the problem persists 
replace the 117061. If the 
problem still persists, either 
the backplane is b.d or one of 
the other modules is loading 
the signal. Remove all modules 
except 117061 and check pin DS2 
again. If signal not present, 
the backplane is faulty. 

Make sure that G7272s, not 
G727s, are used on the bus. 

:------------ ---------------- ~-------------------------------: 

7-5 



SYMPTOM 

"Dead" 
VSV11/VS11 
(Cant '.d) 

"Hung" 
VSV11/VS11 
<all regi
sters zero) 

Tests 1-3 
Fail: DPC 
Nonzero or 
DSR not 
100000. 

Tests 1-3 
Fail: eSR 
Error Code 
= nDBUS 
Signal 
Hung" or 
IIDBUS Data 
Read/Write 
Error" 

Table 7-1 (cont~d) 
Basic Troubleshooting Ch.rt 

CAUSE(S) 

Bad 1'17064 (if 
B-CLK present) 

Bad DWll 
( VS 11 ): Fa u I t'l 
1'18217, 1'19403 
or BC05L 
Cables 

No Timing, bad 
1'17061, bad 
1'17064 or bad 
backplane 

Bad 1'17064 
Display 
Processor. 

Bad 117064 

Bad onus Cable 

Bad 1'17061: 
Channel Select 
Jumpers wrong; 
or illegally 
driving DBUS. 

Bad 1'17062: 
Channel Select 
Jump ers wr ong i 
or illegally 
driving DBUS. 

CORRECTIVE ACTION 

Rep lace 117064. 

Verify that 1'17061 is receiving 
+ 12V (p inC D2 ). I f not, ve 1" i f Y 
that 1'19403 is receiving +15V 
(pin AS1); if not, adJust or 
replace mounting box power 
sup ply. I f + 1 5V i s OK, ad JUS t 
regulator on 1'19403. If ad
Justment does not fix problem, 
replace 1'1940:3. If problem per
sists, 119403 is faulty, so re
place it. If problem persists, 
replace 1'18217, BC05L cables 
and 119403, in that order. 

See actions for related items 
in previous table block (~or 
IIDead" unit). 

Replace 117064 module. 

Disconnect DBUS cable from 
1'17064; if problem persists, 
replace 117064 module. 

Disconnect DeUS cable from all 
modul~s except 117064; if prob
lem persists, swap DBUS Cab Ie. 

Verify setup of W5 through Wei 
WS and W6 must not both be IN, 
and W7 ~ we must not both be 
I N. I f J u m per s OK, dis con nee t 
DBUS cab 1 e from 1'17061; if th is 
~ixes problem, swap 1'17061. 

Verify setup of W3 through W6; 
W3 and W5 must not both be IN, 
and W4 and W6 must not both be 
IN. I ~ Jump e 1" s OK I d i 5 con n. c t 
DeUS cable from M7062; if this 
fixes problem, swap 117062. 

------------ ----------------:--------------------------------
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SYMPTOM 

Tests 1-3 
Fail: CSR 
Error Code 
= alVSUS 
Signal 
Hung" 

Tests 1-3 
Fail: Any 
Error Code 
other than 
above, 01" 

incorrect 
register. 

Table 7-1 (cont:d) 
Basic Troubleshooting Chart 

CAUSE(S) 

Sad Module or 
Backplane 

Bad 117064 
Display 
Processor 
module 

Bad Timing 
from M7061 

CORRECTIVE ACTION 

The VBUS is the C-D Intercon
nect on the backplane. ani" 
the H7061 Sync Oenerator 
drives VBUS sign.ls monitored 
by the H7064 Displa" Proces
sor. However, any of the mod
ules 01" the backplane could be 
shorting a signal or causing 
an open. The M7064 cannot run 
with any modules removed, so 
one module at a time must be 
swapped and the s"stem retest
ed. I~ the problem persists, 
check ~ne backplane pins and 
slots ~or shorts and bad con
nections. 

Replace 117064 module. 

If External Sync is being 
used, adJust pot R48 on H7061. 
I~ problem persistsl replace 
H7061 module. 

Unexpected E.d M7061 Replace M7061 module. 
Joystick 
Switch 
Interrupt 

module 

Errors in Sad 117064 Replace 117064 module. 
Tests 1-12 module. 

Tests 
13-15: 
Interrupt 
to wrong 
vector 

Bad M8217 
(VS11) 

Incorrect 
setup of 
vector 
switches on 
H7064 ( E43 ) . 

Replace 118217 

Verify/Correct 
E43. 

Replace M7064 
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SYMPTOM 

When 
running in 
DPU-Onl'l 
Mode, .an 'I 
error in 
Tests 1-22 

,------------
Tests 
17-27: 
Image 
Memory 
SYNC 
Timeout 
(Not DPU
Only Mode) 

,------------
Error in 
Test 23 

Tests 
28-30: 
SYNC or 
DATA 
AVAILABLE 
Tlmeout or 
Hung DeUS 
Signal 

Table 7-1 (cont~d) 
S.sic Trouble.hooting Ch.rt 

CAUSE(S) 

S.ad ,.,7064 

Sad Timing 
'rain ,.,7061 
Sync Generator 

Bad 117062 
Image Memory 

Sad DeUS Cable 

Sad M7061 

Sad DeUS Cable 

Jumpers W1 
and/or W2 not 
installed on 
M7062 

Bad M7062 

Bad DeUS Cable 

CORRECTIVE ACTION 

Replace M7064 

If External S'Inc is being 
used, vari''I th.t sign.1 is 
applied 'rom VT100 or VRV02. 
I' problem persists, adJust 
R48. If problem persists, 
rep lac e M7061. 

Veri'y th.t Jumper W2 is IN on 
a II M7062 ~ s; i fit is, no t e 
the 'ailing ch.nnel and swap 
M7062 modules in th.t channel 
one at a time. 

Replace DBUS cable 

Note channel ir error and 
replace M7061 'or that 
channel. If error is 
unexpected Switch interrupt or 
F I a g , the H3060 J 0'1 s tic k 0 r 
cable could be f.ult'l. 

Replace DBUS cable. 

Veri'y that W1 and W2 are 
installed on all H7062:s. 

Replace.M7062 

Replace DaUS Cable 

Bad M7064 Replace M7064 
------------:---------------- --------------------------------
Test 28 or 
30 Fa i 1 s: 
Consistent 
Data 
Errors 
(Same RAM 
Group) 

Sad M7062 Note the channel .nd dat. bits 
in error. Replace M7062; the 
bad module is determined by 
the Channel Select Jumpers, W3 
through W6, and the switches 
on E59; refer to Table 2-14 or 
2-15. 

------------~---------------- --------------------------------
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Table 7-1 (cont:d) 
BAsic Troubleshooting Chart 

-SYMPTOM 

Tests 
28,30: 
R.ndom 
Data 
Errors 

Error in 
Test 29 

Test 32: 
No Dispiatj 
Present 

CAUSE(S) 

Sad Timing 
from '17061 

Bad M7062 
(Interlace 
Mode Control 
Logic) 

Monitor 
faulttj' vidao 
cable 
connections 

, incorrect, or 
switches on 
E49 of M7062 
not set 

------------1----------------
Tests Set-up of 
32-34: Monitor and 
Displatj M7061 not 
Rolls consistent 

Sad or Misad
Justed '17061 
Sldnc Generator 

CORRECTIVE ACTION 

If ExternAl Sync being used, 
veriftj that signal i. applied 
from VT100 or VRV02. If 
problem persists, adJust R48. 
If problem persists, replace 
'17061. 

Note the fAiling memory 
chAnnel and replace 117062. I~ 
two M7062:s are used in one 
c hAnnal, sw.p one .t • time. 

If the monitor is VRV02, refer 
to Table 7-2. If monitor is 
VT100, proceed as follows: 
Verify all video cable connec
tions. Veriftj thAt the VT100 
video circuitry is working by 
pressing SET-UP on the key
bOArd. If no display is pre
sent, adJust the Brightness 
con t r ali nth e VT 1 00; i 4! dis
plav is still ab.ent, consult 
t h .. VT 1 00 T e c h n i cal Ma n u a1. I f! 
the SETUP frame appears, check 
the video cable btj swapping 
one wire with another. Run 
T est 33 in the d i a 9 nos tic. I f 
onltj the cursor appears, the 
problem is in the "7062 Image 
Memory; verify the switches on 
E49 o~ all '17062:5. If! the 
switches are OK, swap the 
'17062. If the problem persists 
swap th e 117061. I f even th e 
cursor does not appear, swap 
the '17061. I f! the prob I em 
persists, replace the VT100. 

Verify that switch and Jumper 
settings on 117061 for scan 
mode (Interlace/Non-Interlace) 
and frequency (60/50Hz) cor-

,respond to Ke~board SET-UP 
selections. 

If Internal S~nc mode is b~
ing used, swap the 1'17061. If 
External S~nc mode is being 

------------ ---~------------ --------------------------------
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SYMPTOM 

Tests 
32-34: 
Displ.~ 
Rolls 

, (Cont',d) 

Test 32: 
Display 
Present 
and Stable 
but Data 
Missing 

,------------
Test 33: 
Cursor 
Appears 
but No 
Test 
Pattern 
Visible 

Test 33: 
Cursor 
Dri,ts 

Tabla 7-1 (cont:d) 
Basic Troubleshooting Chart 

CAUSE(S) 

Sad M7062, 
M7061 or M7064 

Incorrect 
settings of 
switches on 
E49 of M7062 

Trimmers on 
H3060 ~oystick 
not AdJusted 

Bad 1'17061 
(Cursor Cont
roL -5V Con
verter, Fuses) 

CORRECTIVE ACTION 

used (as with VT100 or VRV02), 
proceed as folio"".: Mak. sure 
external signal is being 
applied to M7061 from VT100 or 
VRV02 Keyboard Interfac.; 
check po""er Sc cables. With a 
display present, halt the CPU. 
Then adJust pot R4B on the 
M7 061 , I' the dis pia y w ill not 
stabilize at any position of 
the pot , swap t h a M7061. If 
the problem persists, swap the 
video pigtail cable. If the 
problem still persists, the 
problem is in the monitor: 
refer to Table 7-2 if VRV02, 
or VT100 Technical Manual. 

Replace M7062. M7061 or M7064. 
in that order. 

Verify 
problem 
M7062. 

switch settings. If 
persists, replace 

Using a small scre""driver, re- i 

fer to Figure 2-26 and adJust 
Trimmers on the H3060. If the 
curSOT drifts up or down, mov~ 
the Vertical Balanc. Ad J. (to 
the right of the Jcy~tickL T4! 

the cursor drifts to the l.ft 
or right, move the Horizontal 
Balance Ad J, 

Replace M7061 

;------------:-----~~==~===~~~ -.-------------------------------
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-SYMPTOM 

Test 33: 
No Switch 
or Match 
Interrupt 
When 
Sud tc h 
Pressed 

Test 35: 
I Configura

tion Not 
As 
Expected 

Video too 
dim or too 
bright 

Table 7-1 (cont:d) 
B •• ic Trouble.hooting Chart 

CAUSE(S) 

B~d Cab 1 e, 
H30bO 
~oystick, or 
M7061 

Incorrect 
Switch and 
~umper 

Settings on 
1-17062 and/or 
117061 

Bad 1'17061 or 
M7062 

MisadJusted 
Monitor 

Pot R9 on 
1'17061 
MisadJusted 

CORRECTIVE ACTION 

Verify c.able connections. If 
problem persists, replace 
H3060. I f pro b lem per sis t s , 
rep lac e 117061. 

Verify Switch 
settings. 

and 

Replace M7061 or 1170b2. 

~umper 

If monitor is VRV02, refer to 
Table 7-2. If monitor is VT100 
adJust intensit~ via keyboard 
SET-UP with up and down arrow 
keys. If that adJustment is 
not sufficient, adJust the 
internal Brightness control. 

If the monitor is • VRV02, re
fer to Table 7-2. If the moni
tor is. VT100, adJust pot R9 
counter-clock~i~e to increase 
the video amplitude or clock
wise to decrease the ampli
tude. I' necessary, readJust
the brightness of the monitor, -
noting especially the rela
tionship between keyboard vid
eo and graphics video. Several 
iterations may be re~uir.d. 

------------ ---------------- --------------------------------
Test 33: Incorrect Refer to Table 2-13 and verify 
Incorrect ~umper that Jumpers WI0, WII, W16 and 
Cursor Settings on W17 are correctly set. If they 
Size or 1'17061; or Bad are and the problem persists, 
Color M7061 • swap the 1'17061. 

------------ ----------------1--------------------------------
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SYMPTOM 

Test 34: 
Incorrect 
Number of 
Shadesl 
Colors 
Present 

Display 
Distorted 
or out o~ 
Focus 

Test 34: 
No Blink 

,------------
Test 34: 
Incorrect 
Slink Rate 

Table 7-1 (cont:d) 
Sasic Troubleshooting Chart 

CAUSE(S) 

Incorrect 
Settings of 
Switches on 
DIP Pack E49 
on 11706:2. 

Incorrect 
Connection of 
Video Cables 

Incorrect 
Setting o~ W21 
or W22 on 
M7061, or Bad 
117061 

Monitor Out of 
AdJustment 

Monitor Out of 
AdJustment 

Bad M7061 

Incorrect 
~umper 

Settings on 
M7061; or Sad 
1'17061 

CORRECTIVE ACTION 

Verify .ettings on E49i refe,.. 
to Table. 2-14 or 2-1~. 

Verify 
cab les. 

connection o~ video 

Ver i fy Jump .rs W21 and W22. If 
problem persists, replace 

• 117061. 

If the monitor is VRV02 refer 
to Table 7-2. If the monitor 
is VT100, adJust the 
brightness, as c ~scrib.d in 
previous section. 

If the monitor is VRV02, re
~er to Table 7-2. If the mon
itor is VT100, adJust the Ver
tical Linearity, Haight, and 
Focus cont~ols on the video 
board in the VT100 case. 

Replace 117061 

Refer to Table 2-13 and verify 
that .Jumpers W12 through W14 
are correctly set. If the~ are 
and the pro b 1 em p a.,. 5 i 5 t S , s wa p 
the 1'17061. 

7-12 



Table 7-2 
Video/VRV02 Monitor Troubleshooting Chart 

-SYMPTOM CAUSE 

No raster. No power. Check 
power 
cord. 

CORRECTIVE ACTION 

power switch. Check 
outlet. Check power 

----------------,--------------------------------
No raster. Color gun 

switches oi!9 
in mon i tor. 

No raster. Monitor supply 
power 
limiting. 

No raster. Dra",e~ 

No raster. 

No raster. 

connecto1'S not 
c onnec ted. 

Broken or 
damaged 
wiring. 

Brightness 
controls 
mi sad Justed. 

No ras tel'. B I own 9use. 
Check 9use and 
replace. Find 
cause of blown 
fuse. 

Turn on the individual color 
gun control switches at the 
upper right corner of the 
monitor drawer. 

Disconnect video cables, turn 
contrast and brightness 
controls ofi!. C~cle power 
switch once slowl~ and then 
slowly increase brightness. 
Reconnect video cables. 

Check all connectors in the 
drawer, at the power supply, 
and at the CRT tube neck. 

Check wires extending between 
drawer and the rest of the 
monitor for broken or chafed I 

inSUlation. Especiall~ examine 
the wiring for shorts or 
broken wires. 

See adJustment 
balance. 

for white 

Check that the line voltage 
selection plug CN 8'02 is 
correct for the operating line 
voltage. A chtilrt in the 
monitor mtilnual details the 
proper power suppl~ Jumper 
selections. Check for wiring 
shorts or broken wires. 
Replace the monitor drawer. If 
it continues to blow fuses, 
replace the power supply. If 
it still blows i!uses, replace, 
th e CRT. 

------------ ---------------- --------------------------------: 
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T.ble 7-2 (cont:d) 
Video and VRV02 Monitor Troubleshooting Chart 

SYMPTOM 

,------------
No video. 

No video. 

No video. 

CAUSE 

Failing drawer 
module or 
power supply. 

Contrast level 
too low. 

Monitor 
improperly 
cabled to 
M7061, or 
setup not 
consistent. 

The color gun 
control 
switches in 
the monitor 
are o~~. 

1'17062 memory 
board switch9S ' 
o~~ 01' improp
erly set. 

CORRECTIVE ACTION 

Replace the drawer first, and 
then the power supplV. 

Turn the 
clockwise. 

Connect the monitor cables as 
described in Chapter 2. Ensure 
that the M7061 switches are 
consistent for the require
ments of the installation. For 
instance, if the VS/VSVll is 
to be synchronized to an 
external source, the external 
source must be cabled, and the 
switches and Jumpers of the 
1'17061 module must be correctl~ 
set. If onlv one monitor is 
being driven b~ the VS/VSV11 
the cables must be terminated 
wi th 75 ohms. If ./lore than one. 
monitor is being driven with I 
the same cable, then the last 
monitor must be terminated and 
all others must be set to a 
h i g him p e dan c e i n put. Sw i t c h 
the impedance switch on the 
back o~ the VRV02 monitor to 
75 OHMS or HIGH as necessary. 

Turn the gun control switches 
in the monitor drawer on. 

------------------------------~-
Run the diagnostic Test 33, 
Manual Joystick Test. If the 
cursor is displayed, and is 
wh1te (or the color selected 
by the Jumpers on the M7061 
module), but no memory data is 
displayed, then the video data 
i~ not getting to the M7061 
module. The most likely causa 
for this would b. the M7062 

:------------ ----------------1--------------------------------1 
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Table 7-2 (cont:d) 
Video and VRV02 Monitor Troubleshooting Chart 

- SYMPTOM 

No video. 
CONT '.0 

No video 
from the 

t keyboard. 

No video 
from the 
keyboard. 

CAUSE 

The VIDEO OUT 
cable from the 
Keyboard 
Inter'ace is 
missing or the 
cable has a 
broken wire, 
or the logic 
module in the 
Keyboard 
Interface is 
bad. 

Pot R48 at the 
top edge of· 
the M7061 
module is set 
improperly. 

CORRECTIVE ACTION 

switches closest to the edge 
fingers (E49>' The switches at 
the top and bottom 0' the 
M7062 module should be set the 
same. See Chapter 2 for the 
proper switch selection. The 
switches at the top of the 
module are as important as 
those at the bottom, but the 

. diagnostic can test the 
switches at the .module top. 
The top switch settings can be 
verified by running Test 35 of 
the diagnostic. In the report, 
those video data bits which 
are active indicate closed 
switches. 

--------------------------------t 
Connect the Keyboard Interface 
directl~ to the monitor, VIDEO 
OUT to Green input. Pressing 
SET-UP should present the 
familiar VT100 display in 
green on th e CRT. If! th e d i s
play is not present, swap 
conductors within the video 
cable. If the display appears, 
replace the video cable. If 
still not present replace the 
keyboard interface module. 

--~-----------------------------: 
Pressing SET-UP should present 
the familiar VT100 display in 
green on the CRT. If the VT100 
di4play is present adJust pot 
R48 on the M7061 module (see t 

Fi g ure 2-7). Rotate it 
counter- clockwise to increase 
the keyboard video level. This 
pot also controls the gain of 
the external sync source 
amplifier. Too Iowa setting 
will cause random failures 
such as loss of sync. 
IncreaSing the setting further 
than necessary will cause 
failur.s in noisy environments 
because the M7061 will try to 
sync to the noise. 

------------ ---------------- --------------------------------: 
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Table 7-2 (cont:d) 
Video and VRV02 Monito~ Troubleshooting Chart 

SYMPTOM 

Ke~bo.rd 
video 
intensit~ 

is 
ad eq,uate, 
but 
graphics 
video is 
too dim. 

No video. 

CAUSE 

Pot R9, half 
"' .. " do",n the 
117061 module 
on the right 
side. m .. y be 
set too 10"'. 

The CRT color 
video gains 
are set too 
low. 

CORRECTIVE ACTION 

Rotate pot R9 counter-clock
wise to inc~ease the video 
amplitude. This must be done 
carefull~. as this pot also 
affects the sync pulse 
amplitude. Rotating the pot 
counter- clockwise dec~eases 
the s~nc amplitude, and 
clockwise increases the s'lnc 
amplitude. Decreasing the sync 
amplitude below a signal level 
of approximatel" 0.3 volts 
will cause the monitor to lose 
~ync and the picture to roll. 
This pot can be set b'l 
performing the following 
procedure. Run Te~t 34 of the 
diagnostic. select display 
number 3, adJust the pot so 
that the right-most vertic .. l 
stripe is white (See the 
section of thi~ trouble
shooting chart dealing with 
white balance. ) If the 
ke~board video is still too 
bright, decrease the keyboard 
video with pot R48 at the 
board edge. 

The gains of the Red, Blue or 
Green video amplifiers of the 
monitor are adJustable. These 
controls can be found from the 
diagram on the monitor drawer 
cover/access panel. Do not 
adJust the BACKGROUND GAIN. 
Set these gains carefully." 
These controls set the color 
of the display. Increase the 
intensity of a specific color 
by rotating that amplifier:s 
gain pot clockwise. If a gain 
pot is at the end of its 
travel and the display 
req,uires still more of this 
color, balance can be achieved 
by reducing the other two 
color gains. 

--------------------------------
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Table 7-2 (cont~d) 
Video and VRV02 Monitor Troubleshooting Chart 

SYMPTOM CAUSE 

No video Disconnected 
or mi.sing or bad videa 
color. cab Ie wi reo 

Partially 
seated or bad f 

switch on a 
M7062 memory • 
module. Poorly 
seated memory 
or 1'17061 sync 
module. Poorly 
seated or bad 
DBUS cab 1 e. 

CORRECTIVE ACTION 

Provided that the previous 
test in this table far the 
Joystick cursor showed that 
the M7061 module was driving 
all three video cab les, 
perform the following tests: 
Check the video cable wire 
connections for the color 
missing and reconnect. Test 
the wire continuity by 
swapping it with one of the 
other wires in the multiple 
conductor video cable. Re-seat 
the switches on the 1'1706;2 
memory modules and verify 
their proper settings. The 
switches at both the top and 
bottom of each memory board 
should be set the same. 
Re-seat the memory and sync 
modules. The diagnostic can 
report a bad DBUS cable or 
c onnec t ion. Seat the cable and 
re-test. If the problem 
persists swap the cable and 
re-test. Replace the cable or 
the memorv module as neces-
s4lry. The f4liling memory board 
in 41 Non-Interlaced system is ... - ana ... ., ............. J! __ ... ~~ ..... ."", .... ,, TV' ...... " 
channel. The f4liling memory in 
an Interlaced system is one of 
two add~.ssed for that 
cha"nel. If the missing color 
is either red or blue replace 
the module with .witche. 5 and 
b closed. If the missing color 
is either of the green 
intensities replace the memorv 
with switches 2 and 3 closed. 
It is unlikely that both or 
all bits of the display system 
would go b.d at the same time 
so be .ure to check memory 
module s.ating and switch ••. 
If after swapping modules and 
cables the data is still 
missing, it is possible that 
the backplane is bad. 

------------1---------------- -------------------~------------
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Table 7-2 (cont:d) 
Video and VRV02 Monitor Troubleshooting Chart 

SYMPTOM 

No video 
or missing 
color. 
CONT~D 

Video is 
missing 
from one 
or more 
particular 
pixels and 
the 
diagnostic 
may report 
an error 
in either 
memory 
set/clear 
or memory 
patterns 
test. 

CAUSE 

The memory may 
have a bad ram 
chip or the 
read circuitry 
is failing. 
The diagnostic 
will report 
errors from 
incorrect data 
read from the 
memor\j arra\j. 
However, it is 
unable to 
detect errors 
in the data 
path from a 
point Just 
before the 
bottom 
switches (E49) 
on the memory, 
through the 
backplane, 
through the 
sync modUle, 
to the 
display. If 
the diagnostic 
is not 
reporting 
errors but 't;ne 
display has 
miSSing data, 
the problem is 
most likely in 
this path. 

:------------1----------------

CORRECTIVE ACTION 

Vacuum the card slot. and 
retry the modules. Examine the 
pins of the backplane connec
tors in the memory and the 
sync module slots. If 
warranted replace the 
backplane. 

Examine the error report 
listing of the diagnostic. 
Look for a specific address or I 

ram bank which consistently 
errors. If you can identify a 
series of discrete addresses 
or one ram consistently in 
error replace the memory 
module. Th. module to be 
replaced is identified from 
the diagnostic error listing. 
Identify the memory channel. 
(A complete l"sting oT the 
memory and SyiiC channels can 
be obtained from the configu
ration type-out test of the t 

diagnostic. ) Use the charts in 
Chapter 2 to identify the 
memory channel Jumper 
configuration for the memory 
channel which fails. If the 
system is configured Non
Interlaced, with 4 video data 
bits, only one M7062 module 
should assigned per channel. 
Check that there is only one 
and replace that module. If 
the system is configured 
Interlaced, the data bit(s) i"n 
error identify which memory of 
the two possible per channel 
is bad. If bits 9 or 8 error, 
replace the memory oT the 
indicated channel which has 
it~s switches 1,2,3, and 4 
set. If bits 7 or b error 
replace the other module. 

--------------------------------: 
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Table 7-2 (cont:d) 
Video .nd VRV02 Monitor Troubleshooting Chart 

SYMPTOM 

Video is 
missing 
from one 
01' more 
p .. rticular 
pixels. 
CONT '.0 

CAUSE CORRECTIVE ACTION 

If the diagnostic does not 
indicate an error and the 
scr •• n has missing pixels, 
identily the missing color or 
shade. Us. the monitor gun 
s~itches at the upper right 
corner of the monitor drawer 
to r.spectivel~ turn onl~ one 
or possibly two guns on at a 
time until the missing color 
01" shade is identified. Check 
the cable and connections for 
that colol". Identify the 
ch.nnel driving that monitor, 
and in s.~uence replace the 
memory and then the sync 
module. The memortj module to 
be replaced is identified by 
its switch settings. If 
switches 3 and 4 are .et that 
memory .tores the most- and 
least- significant green bits, 
1" e s p e c t i vel ~ . Sw i t c h e s 5 and b 
store red blue, respectively. 
(For monochrome displays 
switch 3 is the most 
significant bit and switch 6 
i s the 1 e as t .) I f s wa p pin 9 the 
memor~ does not restore the 
missing data swap the sync 
module. Finally, examine the 
bac k plane. 

------------ ---------------- -----------------~--------------
The 
displa~ 
appears to 
be missing 
every 
other 
pixel on .. 
horizontal 
1 ine. 

No sVnc: 
The image 
rolls ver
ticall~ 01" 

horizon
ta 11 V. 

The daisy 
chained DaUS 
cable has a 
bad connection 
or a broken 
wire for the 
least 
significant 
data bus bit. 

The SVnc 
S.lect switch 
at the monitor 
l"ear is set 
for External 
input. 

Reseat or replace the DBUS 
'cab Ie. 

Set the svnc select switch to 
the Composite S~nc (SYNC 
C OMP. ) in put pas i t ion. T h • 
monitor will now derive its 
sync signal from the Gre.n 
i np ut. 
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Table 7-2 (cont:d) 
Video and VRV02 Monitor Troubleshooting Chart 

-SYMPTOM 

No sync: 
Picture 
rolls 
horizon
tally and 
vertically 
and shows 
no green. 

No sync. 

No sync 

No sync 

!------------
No sync 

:------------
No sync 

CAUSE 

Th. monitor 
may not be 
correctly 
wired either 
at the monitor 
or the 1'17061 
module. 

The system is 
con~igured ~or 

an external 
sync source 
and the source 
is not powered 
or not 
connected. 

The switches 
on the H7061 
sync module 
are mis-set. 

The Keyboard 
user-selected 
~unctions 

I di~~er from 
those selected 
by the M7061 
sync board 
switches. 

The external 
sync source is 
not RS-170 
compatible. 

The M7061 sync 
output level 
is too low. 

CORRECTIVE ACTION 

For a rapid check try the 
other two cables to see if one 
of them has green on it. Note 
that the VS/VSV must be 
generating a display to se. 
" g r e en" . Run T tiP S t 34 0 f the 
diagnostic and select the Gun 
Identification display, 

, selection 7. 

Power or connect the external 
sync source to the VS/VSV. 
This might be the Keyboard 
Interface. 

Check the switch settings and 
the Jumper con- iguration and 
reseat the modu .. Any o~ the 

• switches of the M7061 module 
can cause this problem except 
switch 10, which isn'.t used. ) 

Select SETUP B on the Keyboard 
and speci~ically set the 
proper state ~or the 
Interlaced and 60 Hz 
functions. Refer to Chapter 2. 

The external sync source must 
have equalization pulses 
during its vertical sync 
pulse. It must also conform to 
the frequency variation 
tolerance of the RS-170 
specification. 

--------------------------------
Adjust pot R9 
side and half 
M7061 module 
increase the 
This, however, 

on the right 
way down the 
clockwise to 

sync amp I i tude. 
decreases the 

:------------:----------------:--------------------------------
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Table 7-2 (cont:d) 
Video and VRV02 Monitor Troubleshooting Chart 

SYMPTOM 

No s~nc. 

CONT:D 

No s~nc 

No s~nc: 
The 
displav is 
sync:ed 
horizon
tally but 
rolls 
verticallv. 

CAUSE 

The gain of 
the external 
sync source 
input 
amplifier on 
the 117061 is 
10"'. 

The Vertical 
Hold pot of 
the monitor is 
misadJusted. 
The external 
s~nc source 
amplifier gain 
or the sync 
level out is 
at too lo",a 
level for the 
system to 
s~nchroni ze. 

CORRECTIVE ACTION 

video amplitude on the 
Composite Video (Monochrome/ 
Green) and VT100 Outputs. 
AdJust this pot with care. Too 
much either w~y and the image 
may roll. 

AdJust pot R48 on the top edge 
of the M7061 sync module 
clockwise until either the 
raster of horizontal back
ground lines on the monitor 
stabilizes or the pot has had 
2S turns (to the end of its 
travel). AdJust the pot 
counter- clockwise until the 
rast.r stops rolling. Fin~lllJl 
adjust the pot clockwise until 
the displa~ rolls, then back 
off the pot counter- clockwise f 

by 3/4 turn. If the display 
occasionally rolls continue 
adjusting the pot gradually 
counter- clockwise. The 
display should roll and then 
stop each time the 1180/132" 
(9) key is pressed while the 
keyboard is in SETUP mode. 
Should it not stop adJust the 
pot clockwise. 

Disconnect the video cable on 
the Green monitor input. Ad
Just the Vertical Hold pot un
~il the monitor raster is Just 
barely rolling. Reconnect the 
Green cable. If the display 
still rolls but occasionally 
drops into sync readjust the 
monitor Vertical Hold. If the 
display rolls without change 
increase the output sync level 
by turning pot R9, at right 
sid. of the M7061 module, 
clockwis.. This adJustment is 
nonlinear. The sync amplitude 
will increase then decrease as 
the pot is turned counter
clockwise from the end of its 

------------ ---------------- --------------------------------
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Table 7-2 (cont~d) 
Video and VRV02 Monitor Troubleshooting Chart 

SYMPTOM 

No sync. 
CONT~D 

The 
display 
rolls 
horizon
tally and 
vertically 
and no 
adJustment 
seems to 
change the 
rate. 

The 
display 
Jitters. 

CAUSE 

No sync into 
the Green 
input oT the 
mon i tor. 

The M7061 sync 
module 
switches and 

, keyboard 
options are 
not set 
c amp a t i b I y. 

CORRECTIVE ACTION 

clockwise limit. The video 
level will increase over the 
same pot travel. If the 
display continues to roll 
vertically but not horizon
tally, adJust the external 
sync source gain pot, R48, at 
the top edge of the 1'17061. 
This adJustment is covered in 
another section of this table. 

Connect the Keyboard Interface 
Video Output directly to the 
Green input of the VRV02. 
AdJust the Vertical and 
Horizontal Hold controls as 
necessary to get a stable 
display. If the display will 
not stabilize replace the 

I Keyboard InterFace source with 
a VT100 Vide Output source. 
If the monitc display is now 
stable replace the Keyboard 
Interface. If the display is 
not stable aTter again 
adJusting the Horizontal and 
Vertical Hard controls, 
replace the drawer of the 
VRV02. If the display can only 
be brought into sync when it 

I is connected to the Keyboard 
Interface, either the video 
cabling or the 1'17061 sync 
module is bad. -. Use another 
conductor of the cable to 
verify the system connections. 
If the display still will not 
synchronize replace the 1'17061. 

------------------------~~===~--. 
Set the Keyboard SETUP 
functions for the same 
configuration as the M7061 
sync module switches. Refer to 
Chap tel' 2. Se 1 ec t SETUP B on 
the keyboard and set the 
proper state for the Interlace 
and 60 Hz functions. Check the 
state of the NONINTERLACE 5ig-

--------------------------------
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Table 7-2 (cont:d) 
Video and VRV02 Monitor Troubl •• hooting Chart 

_ SYMPTOM 

The 
display 
Jitters. 
CONT '.0 

The 
display 
Jitters. 

Display 
Jitters; 
or large 
blank 
horizontal 
bars flash 
randomly 
on the 
display. 

The 
display 
Jitters. 

.-------------
The 
display 
Jitters. 

The 
display 
Jitters. 

CAUSE 

The monitor 
Vertical Phase 
control is not 
adJusted 
properly for 
Int.rlilced 
operation. 

The monitor is 
probably being 
powered from 
an ac supply 
which has 
ground loop 
no i 5e. 

The external 
sync source 
gain may be 
set too clos~ 
to its upper 
or 10Uler limit 
of control . 

The sync 
output level 
to the monitor 
may bel OUI. 

The phase 
t locked loop on 

the 1'17061 sync 
: module cannot 
: ma in ta i n 1 0 c k . 

------------1----------------

CORRECTIVE ACTION 

nal in the VSV/VS by running 
diagnostic Te.t 35 and 
observing the printout. If the 
sync module switches are 

t correct,' but the backplane 
signal does not reflect the 
switch setting, one of the 
other modules of the s'lstem or 
the b a c k p I an e ma'l be bad. A I 5 a 
try reseating the switches. 

--------------------------------, 
AdJust the Vert Phase 2 
control in the monitor drawer 
until the raster lines 0' the 
image are barely visible. 

POUler the monitor from the 
same supply as the host 
computer. If the bars are no 
longer present the previous ac 
power source Ulas disrupting 
the display. Tie the computer 
pOUler and the monitor pOUler 
grounds together. If the bars 
are still present replace the 
M7061 sync module. 

AdJust pot R48 on the top edge 
of the 1'17061 sync module. 
clockwise. If the Jitter gets 
worse adJust the pot counter-
c: lac kwi se. 

AdJust pot R9, halfway down 
the right side of the 1'17061 
sync module, counter-clock
wise. Reverse direction if the 
Jitter gets worse. 

Repl .. ce the M7061 module. If 
the new s~nc module also 
causes the display to Jitter, 
replace the drawer of the 
VRV02. 
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T.ble 7-2 (cont:d) 
Video .nd VRV02 Monitor Troubleshooting Chart 

SYMPTOM 

Display 
is not 
centered. 

Display 
is not 
centered. 

Display 
I size: The 

image is 
too big or 
too small. 

Display 
size: The 
image is 
missing 
the top 
20-30 
1 ines. 

CAUSE 

The Vertical 
.and Height 
controls of 
the m 0 n'i tor 
need adJust
ment. 

The Vertical 
B 1 an k, 
Horizontal 
Phase, and 
Horizontal 
Blank controls 0' the monitor 
need adJust
ment. 

The Vertical 
and Horizontal 
Size controls 
need adJust-

l ment. 

Bad Vertical 
Blank circuit 
in moni.tor. 

CORRECTIVE ACTION 

AdJust the appropriate 
position control. in the VRV02 
monitor drawer. The controls 
are labeled in the lower left 
corner of the monitor drawer. 

AdJust the appropriate 
controls in the VRV02 monitor 
drawer. The Vertical Blank 
control blanks or deletes 
greater or lesser amounts of 
the top of the screen. Set the 
Vertical Blank control so that 
when the monitor is displaying 
a Non-Interlaced image the 
first line of the display 
appears to start o~f screen. 
When the monitor is displaying 
an Interlaced image adJust the 
vertical blank so the first 
line starts in the top center 
of the screen. The Horizontal 
Phase control moves the 
display to the right or left. 
AdJusting the control to move 
the display to the right will I 

eventually cause the image to 
wrap around on top of itself. 
The Horizontal Blank control 
will blank or delete greater 
or lesser amounts o~ the left 
edge of the screen. 

----------------~---------------
AdJust the appropriate 
controls in the monitor. 
AdJust the Height control to 
make the image larger from top 
to bottom. AdJust the Width 
control to make the image 
wider ~rom side to side. 

--------------------------------. 
l Replace the drawer of the 

VRV02 moni tor. 

:------------ ~---------------:--------------------------------: 
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Table 7-2 (cont:d) 
Video and VRV02 Monitor Troubleshooting Chart 

_SYMPTOM 

Heat sensi
tivit~ of! 
displ·V 
size or 
Jitter. 
Lines 
missing at 
top of! 
displa~ 
but not 
adJustable 
via 
Vertical 
Blank. 

LinetiritCj: 
The image 
displayed 
bends 
inward or 
outward at 
the sides. 

Uneven 
displa~ 
color or 
discolored 
lines. 

:------------
Discolored 

I lines. 

CAUSE 

Heat sensitive 
Vertical Bltlnk 
circuit: When 
the drawer is 
clo~ed the 
problem will 
occur. and 
when the 
driawer is open 
and the 
circuit is 
cooler the 
missing lines 
might 
reappear. 

Th. Side 
Pincushion 
control may 
need 
ad Justment. 

External 
magnetic 
fields ma~ 
have disrupted 
th. purity of 
the color CRT. 
One of the 
three electron 
beams of the 
color tube in 
addition to 
hitting its 
own phosphor 
dots ma~ be 
partially 
hitting one of 
the other 
phosphor 
colors as 
well. 

Focus out aT 
I adJustment. 

1------------1----------------

CORRECTIVE ACTION 

,Replace the monitor circuitry 
(VRV02 drawer). 

AdJust th. SP-C control in the 
VRV02 monitor drawer until the 
sides of the image appear 
vertical and straight. 

--------------------------------: 
To test for this condition, 
turn all three guns off. and 
then turn one gun on at a 
time. Look for patches shading 
the basic gun color. All three 
guns of the monitor must be 
driven Tram the same cable to 
eliminate possible cabling 
problems. Turn the brightness 
aT the background up until it 
is visible. Se~uentially. 
using the monitor drawer gun 
switches, turn only one gun on 
at a time. Look Tor shading of! 
the base color. If shading is 
observed the monitor should be 
degaussed. Use the internal 
degaussing coil. Press the 
degaussing switch until all 
distortion leaves the screen, 
then release the switch. 

AdJust the Focus control in 
the monitor (at top right of 
power supply). 
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SYMPTOM 

Uneven 
display 
c a I or. 

Uneven 
display 
calor. 

Table 7-2 (cont:d) 
Videa and VRV02 Monitor Troubleshooting Chart 

CAUSE 

If the color 
is uneven 
because the 
image lacks 
gr •• n shading, 
the green 
Digital-to
Analog Conver-

t tel' (DAC) of 
the M7061 sync 
module may 
need adJust
ment. The 
levels may be 
saturating at 
the high or 
law ends 0' 
the DAC·. s 
range. 

The individual 
color gain 
controls of 
the monitor 
may need 
ad Justment. 

CORRECTIVE ACTION 

The M7061 sync module:s Oreen 
output level is controlled by 
pot R9, half-way down the 
right side of the module. 
However, before adJusting that 
pot conduct the following 
test. Leave onl~ the Oreen 
cable attached to the monitor. 
Run diagnostic Test 34 and 
select display 3. Fifteen 
vertical green bars should 
appear. The~ should be stepped 
in intensit~. and the steps 
should b. approximately even 
in intensity increase. If the 
steps appear as described go 
to the next trouble-shooting 
step. If the stepped increase 
is not even. adjust pot R9 on 
the M7061 modu.a until the 
steps are even Care must be 
exercised when ~dJusting this 
pot. as it will also affect 
the level of the sync signal 
fed to the monitor. If the 
adJustment· is too low and the 
sync signal is affected, the 
monitor image will tend to 
roll 01' los. sync. If this 
adJustment cannot be made 
replace the M7061. 

The red and blue cables carr~ 
b i nar~ (ON/OFF) data. Th e 
green cable carries four I 

levels of voltage correspond
ing to off and three green 
intensities. The monitor has 
analog inputs and interprets 
the input voltage levels on 
the cables. It displa~s a 
color intensity proportional 
to the input voltage. The 
monitor r.sponse to the cable 
voltage is controlled by the 
individual color gain pots in 
the monitor drawer. These gain 

------------ ---------------- --------------------------------
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Table 7-2 (cont:d) 
Video and VRV02 Monitor Troubleshooting Chart 

SYMPTOM 

Uneven 
displav 
color. 
CONT '.0 

White 
balance: 
The image 
changes 
color as 
the 
brightness 
control is 
varied. 

CAUSE 

The background 
brightness 
controls 09 
the monitor 
malj need 
ad Justment. 

CORRECTIVE ACTION 

pots should be adJusted while 
a white image is displaved. 
Select Displav 9 of Test 34 of 
the diagnostic" A s~uare white 
image should app.ar on the 
screen. AdJust the monitor 
gain pots to restore the 
m iss in 9 color, OR 'I' e d u c e the 
other two colors until the 
s~uare is a close approxima
t ion t a a 9 l' a y -wh i t e . The 
monitor should now display 
images which are more closely 
color balanced. Tw.all the potil 
for best balance with the 
images typically displayed. 
Also check the White Balance 
section of this trouble
shooting chart. 

The following adJustment 
procedure should NOT be 
performed unless absolutely 
necessary. The necessity can 
be determined as follows. 
Select Display 9 of Test 34 of 
the diagnostic. Turn the 
Brightness and Contrast 
controls to their minimum 
settings. The monitor screen 
should be dark. If the screen • 
is not dark perform the 
adJustment. Increase the 
Contrast control until the 
s,~are image is at medium 
brightness. Increase the 
Brightness control setting 
until the background is Just 
barely visible. Observe the 
square image as the brightness 
i sin c l' e as e d . Th e i ma gem i g h t 
change shade slightly. If the 
change is slight, most 
attempts at adJustment will 
only tend to increase the 
shade change. The contl"ols 
will, however, allow the white 
balance to be restored. The 
adJustment procedure is a 
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SYMPTOM 

Whit. 
baljRnce. 
CONT:D 

Table 7-2 (cont:d) 
Videa and VRV02 MonitoT Trouble.hooting Chart 

CAUSE CORRECTIVE ACTION 

.erie. 0' iterations of the 

..me adJustments. The adJust
ments tend to interact, and 
the serviceperson:s color re
solving abilitv will tire. 
Perform the following steps: 
Turn the Contrast and Bright- , 

• ness controls to their minimum 
settings. Turn the Brightness 
to its midpoint. Turn the fol
lowing sil controls in the 
monitor drawer to their mini
mum settings: 

RED BRIGHTNESS GAIN, 
BLUE BRIGHTNESS GAIN, 
GREEN BRIGHTNESS GAIN, 
RED BACKGROUND, 
BLUE BACKGROUND, and 
GREEN BACKGROUND. 

Slo~lV increas~ the RED BACK
GROUND and GREEN BACKGROUND 
controls until the screen is 
Just barel~ illuminated with 
yellow. It:s best to perform 
this adJustment in a darkened 
area. If that is not possible 
shade the CRT face from straq 
reflections and excessive 
light. Shading the screen will 
allow closer determination of 
the color shades involved. 
Slowly increase the BLUE BACK
GROUND control setting until 
the screen is Just barely il
luminated ~ith gra~. Increase 
the RED BRIGHTNESS GAIN and 
GREEN BRIGHTNESS GAIN controls 
until the screen is again Just 
barely illuminated with qel
low. When looking intensely at 
the screen for long periods, 
color determination tires. 
Look away occasional1v. Now 
increase the BLUE BRIGHTNESS 
GAIN until the scre.n is again 
grav. Increase the external 

1------------ ---------------- --------------------------------

7-28 



- SYMPTOM 

White 
balance. 
CONT '.0 

T.ble 7-2 (cont:d) 
Video .nd VRV02 Monitor Troubleshooting Chart 

CAUSE CORRECTIVE ACTION 

brightness control and observe 
the displa~ for color shading 
of the gray setting. If the 
color needs adJusting back to 
gra~, turn the blue gun con- • 
trol switch off. AdJust the 
RED BRIGHTNESS GAIN and GREEN 
BRIGHTNESS GAIN until the 
scre.n is again ~ellow but at 
the new intensity setting, 
Turn the blue gun back on and 
readJust the scr.en to a grav 
shade. R.duce the external 
brightness control until the 
screen i~ at minimum illumina
tion. Turn the blue gun con
trol _witch off. AdJust the 
RED BACKGROUND and GREEN BACK
GROUND controls until the 
s cr. en is a g a in JUS t b a l' .,1 y 
illuminated '-lith 'Jel1o ... , Turn 
the blue gun back on and ad
Just the BLUE BACKGROUND until 
the screen is again gray. In
crease the external brightness 
and continue this procedure 
until the setting of the ex
ternal brightness control has 
no e~fect on the screen color. 
Rapidly turning the external 
brightness down will cause the 
screen to briefly appear green 
as the long persistence phos
phor -decavs. Ignore this 
'. ~fec t. Alway s ad J us t from 
yellow to gray. The human e~e 
is more sensitive to shades of 
yellow than shades of maroon 
or magenta. After the bac k
ground white balance is satis
factory. see the section of 
the trouble-shooting chart 
concerning image color balance 
and contrast white balance. 
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7. 5 M7061 SYNC ADJUSTMENT USING OSCILLOSCOPE 

Thi~ paragraph descibes the initial adJustments to the M7061 Sync 
Generator module in VBV11/VSll-AP, -AR, -AS, and -AT systems to 
be made if an oscilloscope is available. For the best ~ualit~, 
it is highl~ recommended that an oscilloscope be obtained and the 
following proceedure performed. 

Perform the following steps in order to adjust the M7061 Sync 
Generator module .and VRV02-B monitor for initial operation, or 
when ~u.litv of the video signal is in doubt. Tektronix 465, 485 
or .~uivalent oscilloscope should be available to aid in making 
the ad Justments. 

1. Make sure that power is ON to all 
system and monitor) and that 
initialized. 

components (computer 
the computer system is 

2. Turn up the brightness and contrast controls on the 
front of the VRV02 display monitor and observe the 
screen. A raster (man~ fine parallel horizontal lines) 
should be observed. In addition, a "sync tab" <blanked 
block at the center of the lower edge of the screen) 
should be observed. Press SET-UP on the VRV02 keyboard; 
the standard set-up frame should be visible. If no 
raster or set-up frame is visible, recheck the cabling, 
monitor power, etc. (see Table 7-2) 

3. Press SET-UP again. The screen should go blank. If 
video from the keyboard is still present, press SET-UP 
then the "0" (RESET) key to c lear the screen. 

4. Set up the oscilloscope as follows: 

a. Connect the Channell probe to the second 
input of the VRV02 monitor (this input 
parallel with the input to which the Signal 
for Green is connected). 

b. Select triggering from the Channel 1 source. 

GREEN 
is in 
cable 

c. Set the Channell Vertical amplitude control at 
0.10 volts per division X 1. 

d. Set the horizontal sweep ~t 20 microseconds per 
division. 

e. Set the trigger controls for AUTO triggering. 

f. Set vertical mode for Channel 1 only. 

g. Select AC coupling for channelL 

h. Select the negative slope for triggering. 
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i. Position the trace in the middle of the screen. 

5. Initialize the proc.ssor and make sure that there is no 
picture on the monitor scr.en. 

6. AdJust the trigger level until a stable display on the 
oscilloscope can be observed. The display should 
consist of several low-going pulse., each about 5 
microseconds long. These are s'Jnc pulses. 

7. AdJust potentiometer R48 on the H7061 module (Figure 
,2-7) to the center of it. range (12.5 turns from either 
end >. 

8. Observe the amplitude of the low-going pulses on the 
oscilloscope. These should be 0.4 volts in .mplitude. 

9. If the amplitude of the low-going pul.es is not 0.4 
volts. adJust potentiometer R9 (clockwise to increase 
the sync level, and counter- clockwise to decrease it) 
on the M7061 module until the amplitude is correct. If 
the adJustment cannot be made using onl~ R9. also adJust 
R48. 

10. Press SET-UP on the VRV02 ke~board and observe the 
set-up frame on the monitor screen. The picture should 
be stable (no rolling, tearing. etc. L If the picture 
is not stable, and if the the sync amplitude has been 
adJusted according to the above procedure, the monitor 
requires adJustment; refer to Table 7-'2. 

11. Set the Brightness and Contrast controls on the front of 
the VRV02 monitor to the center of their range. 

12. Load and st~rt the VSVI1/VSll diagnostic program (CVVSA 
for PDP-l! and LSI-!! s~stems; EVTC9 for VAX s~stems) 

and select Test 34 (Selected Displays>' Refer to 
Chapter 2, Paragr~ph 2.5, for loading and running 
procedures. 

13. Select displa\l IS (Cross'hatch>' Also make sur-e that the 
set-up frame is present on the screen. 

14. Open the monitor drawer and, referring to the printed 
legend within the drawer, turn off the RED and BLUE 
guns, leaving only the GREEN gun on. The crosshatch 
pattern should be entirely green. 

15. On the M7061 module. adjust potentiometer R48 until the 
intensity of the ch~racters in the Set-Up frame and the 
intensity of the crosshatch are equal. Turning R48 
counter-clockwise increases the video level of the 
.et-up ch~racters, while turning it clockwise decreases 
the video level of the set-up char.cters. 
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NOTE 

Do not rot~te R48 too f~r clockwise. ~. this 
will decrease the input gain too f.r and the 
M70bl ma~ not be able to s~nc to the incoming 
sign~l. 

lb. If the two intensities cannot be made e~ual b~ adjusting 
onl~ R48, adjust potentiometer R9. Turning R9 
c ou.nter-c I oc kwi se i ncr ease. th e vi d eo level and 
decreases the sync level. 

17. Initialz. the processor to clear the crosshatch from the 
s c r e en. Pr e sst he" 0 II k e ~ ant h. VRV02 k e ~ boa r d to 
clear the set-up frame and all other VRV02-generated 
video from the screen. 

18. Observe the o~cillo.cDpe di.pl.~ once again and, if 
necessar~, adJust R9 to obtain a 0.4 volt amplitude on 
the sync pulses. 

19. Repe~t the previous steps. adJusting R48 and R9, until 
the crosshatch intensity matches the set-up ~rame 
intensit~ and the s~nc amplitude is 0.4 volt. 

20. Turn the RED and BLUE guns back on via t ~ switches in 
the monitor drawer to return the monitor to normal 
operating condition. 
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APPENDIX A 

PARTS/DATA SHEETS 

The following p.ragraphs list the mounting re~uirements, power 
requirements. and m'Jor hardware components ~or each VSll and 
VSV11 mode!. 

P.rag'r.ph 

A.l 
A.2 
A.3 
A. 4 
A. 5 
A.o 
A. 7 
A. 8 
A. 9 
A.10 
A. 11 

Model ~ 

VS11-AA, VSll-AS 
VS11-AC, VSll-AD 
VS11-AE, VSll-AF 
VS11-AH. VSll-A~ 
VSll-AP, VSll-AR 
VSll-AS, VSll-AT 
VSV11-AA, VSV11-AB 
VSV11-AC, VSVll-AD 
VSV11-AE, VSV11-AF 
VSVI1-AH, VSV11-A~ 
VSVII-AP, VSV11-AR 
VSVii-AS, VSVii-AT 



A. 1 VSll-AA, -AB PARTS/DATA SHEET 

D.'ip1tipn: UNIBUS Rast.r Qraphics S~st •• with on. I.ag. " •• or~ 
and ~ithout Displa~ Monitor. 

Th. VS11-AA (60 Hz) and Vall-AI (SO Hz) ar. 
id.nticali th.~ di".r onl~ in s~itch s.ttingl on 
th. "7061 Sync Q.n.r~tor ModulI to distinguish 
b.tw •• n 60 Hz and SO Hz op.ration. 

Parts Lilt: 

ot". 

1 
------

1 
------

1 
------

1 
------

1 

Part No. 

"7061 
------------

M7062 

------------
M7064 

------------
H3060-A 

------------
70-15987-0" 

D.scription 

S"nc O.n.rator/Curlor Control Modul. 

Dilpla~ PrOC.llor Module 

~o~stick Ass •• bl" (with Cabl.) 

DBUS Data Cabl. (40-Conductor Flat 
Cabl. til/ :2 Taps) 

1 70-15822-0 ~o~ltick Pigtail Cabl. 

1 17-00193-001 '-Conductor COAX Pigt.il Cabl. 
----~- ------------ --------------------~-~--~----------

1 

2 

1 
( 1 ) 
( 1 ) 
( 1 ) 
( 1 ) 
( 1 ) 
( 1 ) 

17-00192-00 25-Foot 
Cabl. 

4-Conductor COAX Monitor 

Q7272 

DWI1-BK 
("8217) 
(1'19403) 
(TEV11) 
(BC05L-06) 
(DDVI1-CK) 
(70-16830) 

Qr~nt Continuit" Card (LSI-11 BUI) 

--------------------------------------1 
UNIBUS to LSI-II Bus Conv.rt.r AIIV. I 

(Bus Conv.rt.r Modul. - Ouad Height)1 
(Cabl. Conn.ctor Modul.) I 
(LSI-11 Bus Terminator Modul.) I 
(6-Foot 40-Conductor Flat Cab I.) I 
(4-S1ot Hex-H.ight Backplan.) I 
(Pow.r Harn,sl Adapt.r Cabl.) 

Mounting R.quir.m.ntl: Singl. (4-S1ot) S~lt.m Unit Mounting 
Spac. in BA11-K, -L, -F, or -P Mounting 
Box (for DDVI1-CK). plul Ouad-h.ight spe 
Ilot in UNIBUS backplan. in la •• box a, 
DDVI1-CK. 

Pow.r R.quir.m.ntl: + 5 Vdc • 9.0 Amp. 
+15 Vdc • 0.7 Amp. 
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A.2 VSll-AC, -AD PARTS/DATA SHEET 

Dltinitipn: UNIBUS R.stlr gr.phics Svst ••• ith t~o I •• g. M •• orv 
.odul.s .nd ~ithout DispllV Monitor. 

Th. VSll-AC (60 Hz) Ind VSll-AD (50 Hz) I~' 
id.ntic.l, th.V di".r only in s~itch •• tting. on 
th. "7061 SVnc g.n.~ator Modul. to di.tinguish 
b.tw •• n 60 Hz Ind SO Hz op'~ltiDn. 

Plrtl Lilt: 

Otv· P.rt No. 

1 "7061 Sync g.n.rlto~/Cur.or Control ModulI 
------ I ---'---------1 ------------------------------~------.--

I "7062 
------t------------I--------------------------------------

1 I "7064 I Displav P~oc •• sor Modul. 
------1------------1--------------------------------------

1 I H3060-A I ~DV.tick A •••• bIV (_ith Clbl.) 
------I------------I--------------------------~-~------

1 1 70-15997-0"1 DBUS Dltl Clbl. (4O-Conductor FI.t 
L C.bl. w/ 2 Tap.) 

------1------------ ----------------~--------~---------
1 t 70-15922-0 ~ovstick Pigtail Clbl. 

------I--------~- ---------------------~-----~---~--
1 1 17-00193-00 5-Conductor COAX Pigtlil Clbl. 

------1------------ ----------------------~--~---------
1 I 

I 
------

2 
------

1 
( 1 ) 
I • \ 
, £ I 

( 1 ) 
( 1 ) 
( 1 ) 
( 1 ) 

17-00192-00 

------------
Q7272 

-----~------
DW11-BK 

(MB217) 
("9403i 
(TEV11) 
(BC05L-06) 
(DDV11-CK) 
(70-16830) 

25-Foot 
C.-bl. 

4-Conducto~ COAX Monitor 

g~.-nt Continuity CI~d (LSI-II Bus) 

--------------------------~------~-
UNIBUS to LSI-II Bu. Conv.rt.~ As.U. 

(Bus CDnv.~t.r Modul. - QUid H.ight) 
(C.-bi. Conn.cto~ Modul.) 
(LSI-l1 BUI T.~.in.to~ Modul.) 
(6-Foot 40-Conductor Flat Clbl.) 
(4-8lot H.x-H.ight Blckpl.n.) 
(Po~.r H.-rn.ss Adlpt.~ Cabl.) 

Mounting B'Auir ••• ntl: Singl. (4-Slot) SVlt.. Unit Mounting 
Spac. in BAI1-K, -L, -F, o~ -P Mounting 
BDx ('or DDV11-CK)J plus Guad-h.ight SPC 
slot in UNIBUS blckplan. in sim. box I. 
DDV11-CK. 

POW,! R.quir.m,nts: + 5 Vdc • 10. 5 A.p. 
+15 Vdc tf 1.2 AMp. 
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A.3 V911-AE, -AF PARTSIDATA SHEET 

D.'inition; UNIBUS Ra.t.r Graphic. Byst •• ~ith on. I.ag. M •• ory 
and 12" B/W Monitor wI K.vboard. 

Th. VSll-AE CI2OY/6OHz) and VSI1-AF C24OV/~OHz) 
diff.r in .witch •• tting. on the M7061 BVnc Modul. 
C60/~O Hz), and in .onitor po~.r co~d and s.tting of 
po~.r •• l.cto~ s~itch. 

Plrt. Li.t: 

(ltV. Part No. 1 D •• cription 
I 
I 

I 1 1 M7061 1 9Vnc Q.n.ratorICur.or Control Modul. 
1------1------------ --------------------------------------
'1 I M7062 I.ag. H •• orv Modul. 
1------1------------ --------------------------------------
I 1 I M7064 Displav Proc.s.or Modul. 

1 70-1'9B7-OM DBU9 Dlta Cabl. (40-Conductor Flat 
Clbl • • 1 2 TIps) 

1 70-15822-0 Jovstick Pigtlil Cabl. 

I 17-00193-001 5-Conductor COAX Pigtail C;bl. 

1 

2 

1 

1 

( 1 ) 
( 1 ) 
( 1 ) 
( 1 ) 
( 1 ) 
( 1 ) 

17-00192-00 

Q7272 

DWII-B~ 
(M8217) 
(119403) 
(TEVll) 
(BCOSL-06) 
(DDVII-C~) 

(70-16830) 

VT100-LA 
(V911-AE) 

or 
VT1OO-LB 

(VSI1-AF) 

25-Foot 4-Cond. COAX Monitor Clbl. 

Qrant Continuitv Clrd (LSI-II Bu.) 

UNIBUS to LSI-II Bus Conv.rt.r As.,. 
(Bus Conv.rt.r Modul. - QUid H.ight) 
(Cabl. Conn.ctor Modul.) 
(LSI-II Bu. T.r.inator Modul.) 
(6-Foot 4o-Conductor Flit Cab 1.) 
(4-910t H.I-H.ight Blckplln.) 
(Pow.r Hlrn.s. Adapt.r Cab 1.) 

----~----------------~-----------~--
Vid.o T.r.inll, ~ith 12M Black. 
Whit. CRT, D.tlchlbl. K.vboard, and 
Pow.r Cord. (Mak. sur. th. Pow.r 
8.1.ctor .~itch on the r.lr 0' the 
monitor c.s. is prop.rl" s.t. ) 

Mounting B.quir ••• nt.: Singl. (4-Slot) S"st.. Unit Mounting 
Spac. in BAII-K,-L,-F, or -P BDl. plus 
GUld-SPC slot in UNIBUS blckplln. in •••• 
bOI. 

PCWIT B.quir.mlnts: + S Vdc • 9.0 Amp. 
+15 Vd c tt O. 7 Amp. 

VT100-LA; 90-128 Vac tt 2.2 A.p., I-Phis. 
VT100-LB: 190-256 V.c • 1. 1 Amp., I-Ph ••• 
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A.4 VSII-AH, -A~ PARTS/DATA SHEET 

D'tinitign: UNIBUS Ra.t,r Qraphics Bvst.m ~ith t~o 
M,mari,. and 12" B/W Monitor ~/ K.yboard. 

Th, VSII-AH (120V/6OHz) and VSI1-AJ (240V/50Hz) 
di",r in switch s.ttings on th. "7061 Bync Modul. 
(60/50 Hz), and in monitor po~.r cord .nd s.tting of 
po~.r s.l.ttor s~itch. 

P.rt. Lilt; 

1 H7061 
1------:------------
1 2 1 M7062 
1------1------------
: 1 I H70b4 
------:------------

i i H30bO-A 
------1------------

1 70-1~987-0H 

_ ... _--- ------------
1 70-15822-0 

----- ------------
1 17-00193-00 

------ ------------
1 17-00192-00 

------ ------------
2 Q7272 

------ ------------
1 DWI1-BK 

( 1 ) (M8217) 
( 1 ) (H9403) 
( 1 ) (TEVll) 
( 1 ) (BC05L-Ob) 
( 1 ) (DDVI1-CK) 
( 1 ) (70-16830) 

----- ------------
1 VT100-LA 

(VSll-AE) 
or 

VT100-LB 
(VSII-AF) 

Sync Q.n.r.tor/Curlor Control Modul. 

--------------------------------------1 
Imag. H,mory Hodul. I 

--------------------------------------1 
Displ.y Proc.slor Modul. I 

--------------------------------------1 
~ovstick Ass.mblv (~ith Cabl.) 

DBUS Dat. C.bl. (40-Conductor Fl.t 
C.bl. wi 2 Taps) 

~-Conduttor COAX Pigtail C.bl. 

25-Foot 4-Cond. COAX Monitor C.bl. 

grant Continuity Card (LSI-I! Bus) 

UNIBUS to LSI-II Bus Conv.rt.r AssV. 
(Bus Convert.r Modul. - Gu.d H.ight) 
(Cabl. Conn.ctor Modul.) 
(LSI-!! BU5 Terminator Module) 
(6-Faot 40-Conductor FI.t C.bl.) 
(4-Slot H.I-H.ight B.ckpl.n.) 
(Po~.r H.rn.ss Ad.pt.r C.bl.) 

Vid.o T.rmin.l, with 12" Bl.ck ~ 
Whit. CRT, D.t.ch.bl. K'Vbo.rd, .nd 
Pow.r Cord. (Mak, lure th, Po ... ,"r 
S.leetor switch on th. r •• r ot the 
_onitor c.s. is prop.rlV s.t. ) 

Mounting B.quircmcnts; Singl, (4-Slot) Svst.m Unit Mounting 
Sp.c. in BAII-K,-L,-F, Dr -P BOil plus 
Qu.d-Spe slot in UNIBUS blckpl.n. in s.m. 
bDl. 

V-fl00-LA; 
VT100-LB: 

+ 5 Vdc I 10. 5 Amp. 
+15 Vdc • 1. 2 Amp. 
90-1~B V.c • 2.~ Amp., 1-Ph.s. 
IBO-~Sb V.c I 1. 1 Amp., I-Ph.s. 
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A. ~ vall-AP, -AR PARTS/DATA SHEET 

D.'inition: UNIBUS R •• t.r Q~.phie. S,st ••• ith on •• I •• g. H •• orv 
.nd 19- Color Monitor ~/ K.~bo.~d. 

Th. VSII-AP (12OV/6OHz) .nd Y911-AR (240V/50Hz) 
di".r in .~iteh •• tting. on the M7061 Svne 
Q.n.~.tor Hodu1. (60/50 Hz) .nd in the po~.r cord. 
and po~.r •• 1.etor. on th. monitor co.pon.nt. (CRT. 
K.vboard Int.~'ac.). 

Mountinq B.quir.m.nt,: Sing1. (4-Slot) SV.t.. Unit Mounting 
Spae. in BAI1-K,-L,-F, or -P BOil plus 
Quad-SPC .10t in UNIBUS backpl.n. in •• m. 
bOI. 

Pow.r A.quir,.,nt.; 

VRV02-BA: (CRr) : 
(K.,boa~d Int,rf.e.); 

VAV02-BB: (CRT) : 

+ S Vdc • 9. 0 "'-p. 
+1' Vdc • 0.7 A.p. 

109-132 Vae • 1. 1 AMp. I-Pha •• 
90-128 Vae • 1.' A.p., I-Ph ••• 

216-264 Vae • 0.6 AMp. I-Ph ••• 
180-2~6 Vae • 0.8 A.p., I-Pha •• 

[Part. Li.t is on the '0110.inl pag.] 
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Plrtl Lilt: 

Qty. Part No. 

I 1 "7061 
1----- ------------
I 1 "7062 
1------ ------------
t 1 "7064 
• i----~- -----_ ..... --............. 
• 1 H3060-A • 1------ ------------
t 1 70-15987-01'1 
I 
1------ ------------• 1 70-15822-0 
~----- ------------

1 17-00193-00 
------ ------------

1 17-00192-00 
------ ------------

2 07272 
------ ------------

1 DW11-BK 
( 1 ) (H8217) 
( 1 ) (H9403) 
( 1 ) (TEV11) 
( 1 ) (BC05L-06) 
( 1 ) (DDV11-CK) 
( 1 ) (70-16830) 

------ ------------
1 VRV02-BA 

(VSV11-AP) 
or 

VRV02-BB 
(V9Vll-AR) 

---------------------~------~---------

------~-------------~-----------... ----

-----~--------~----------~------------
DBUS Data Cable (40-Conductor FI.t 
Cable fijI 2 Taps) 

Joystick Pigtail C.ble 

'-Conductor COAX Pigtail Cable 

--------------------------------------
25-Foot 4-Cond. COAX Monitor Cable 

------------------------~-------------
Qrant Continuity Card (LSI-II Bus) 

--------------------------------------
UNIBUS to LSI-l1 Bus Converter Ass". 

(Bus Converter Module - Quad Height) 
(Cable Connector Module) 
(LSI-11 Bus Terminator Module> 
(6-Foot 40-Conductor Flat Cable> 
(4-Slot Hex-Height Sackplan.) 
(Po~er Harness Adapter Cabl.) 

--------------------------------------
Color Video Terminal, ~ith: 

19" Color CRT, wI Power Cord, 
D.tachable Ke"board, 
K.yboard Inter'ac. ~J Power Cord, 
BC05F~lS 15' SaTial Int.T'acc Cable. 
Vid.o Extension Cable, 
20mA Loopback Test Connector 
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~.6 VSll-AS, -AT PARTS/DATA SHEET' 

D.'inition: UNIBUS Raat.~ Oraphica S~lt.. ~ith t~o 
M •• ori •• and 19- Colo~ "onito~ ~/ K'Vboard. 

I •• g. 

Th. VSI1-AS (120V/6OHz) and vell-AT (24OY/5OHz) 
di".r in awitch •• ttinga on th. M7061 SV ne 
Q.n.rato~ Modul. (60/~ Hz) and in th. po~.~ co~da 
.nd po~.~ •• l.etor. on th •• onito~ eo.pon.nt. (CRT. 
~.vbDard Int.r'ac.). 

Mounting B.auir.m.nt.: Singl. (4-910t) 9V.t.. Unit Mounting 
Sp.c. in BAI1-K,-L,-F, or -P BOil plu. 
Ouad-SPC .lot in UNIBUS b.e~plan. in •••• 
bDl. 

ppw.r B'Ruir.m.nt'i 

VRV02-BA: (CRT): 
(~.~board Int.r'ae.): 

VRV02-BB: (CRT): 
(K.~board Int.rfac.): 

+ 5 Vde • 10. 5 A.p. 
+15 Vde • 1.2 ~p. 

108-132 V.e • 1. 1 Alap. I-Pha •• 
90-129 Vae • 1.S A.p., l-Pha •• 

216-264 Vae • 0.6 ~p. l-Pha •• 
lBO-256 Vae • O.B ~p., I-Phaa. 
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plrtl Lilt: 

Qt". t P.rt No. Description 
; 
I 

I 1 I "7061 S"nc O.ner.tor/Curlor Control Module 
1------1------------ --------------------------------------

2 t "7062 1 •• ,e Me.orv Module --,-.---- -~--.-.. ----
1 M7064 

------
_______ .-a ____ 

1 H3060-A 
------ --------------

1 70-1S987-OM 

-------- ---------~~ ... 
1 70-15922-0 

------ --------_ .... _-
1 17-00193-00 ------ -------~----
1 17-00192-00 

------ ------... _----
2 Q7272 

------ ------------1 DWI1-BK 
( 1 ) (M8217) 
( 1 ) (M9403) 
( 1 ) (TEV!1) 
( 1 ) (BC05L-06) 
( 1 ) (DDVII-CK) 
( 1 ) (70-16830) 

--~--- ------------1 VRV02-BA 
(VSVI1-AP) 

or 
VRV02-BB 

(VSV11=AR) 

DBUS Data Cabl. (40-Conductor FI.t , 
Cable ~I 2 T.ps) 1 

--------------------------------------1 
javstick Pilt.il C.ble I 

-----------~------~------------------I 
~_Conducto'r COAX Pilt.il C.ble 

--------------------------------------1 
25-Foot 4-Cond. COAX Monitor C.bl. 
--------------------~----------------I 
Or.nt Continuitv C.rd (LSI-II BUI) 
---~----~--~------~------------------~ 

UNIBUS to LSI-II BUI Conve'rt.'r AIIV. 
(Bus Convert.'r Modul. - QUid Height) 
(C.bl. Connector Module) 
(LSI-II BUI T.'rain.tor Module) 
(6-Foot 40-Conductor Flat C.ble) 
(4-9Iot H.I-Height Beckpl.ne) 
(Power H.rnels Ad.pte~ C.ble) 

---~--------~-~----------~----~-------
Calor Video Ter_in.l, with: 

19" Colo'r CRT, ~I PD~er Cord, 
Det.chabl. K.vboa'rd, 
K.vboa'rd Inter'.ce ~I Po~.r Card, 
BCOSF-15 lS' S.ri.l Int.rlaew C.bl., 
Video Extension C.bl., 
20mA Loopb.ck Telt Connector 
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A.7 VSV11-AA. -AS PARTSIDATA SHEET 

D,f1n1t10n: LSI-II Bus Rast,~ G~aphics ~~st,. w1th on' I.ag, 
M •• o~U and without Disp1aU Monitor. 

Th, VBVI1-AA (60 Hz) and VSV11-AB (50 Hz) ar. 
id.nt1ca1J th,v di"'~ on1V in switch s,ttings on 
th, H7061 Sunc G.n.rator Modu1, to distinguiah 
b.t~ •• n 60 Hz and 50 Hz op,r.tion. 

Pa~t, List: 

Gtu· 

1 
------

1 
-------

1 ---..-,--
1 ------
1 

-~----

1 
------

1 
------

1 

------
2 

Part No. 

M7061 
----------_ ... -

"7062 
------------

"7064 
------------

H306O-A 
-------------

70-1'987-OM 

----------..--
70-1SB:2:2-o 

------------
17-00193-00 

------------
17-00192-00 

------------
Q7272 

D'5cription 

BUnc Q.n'ratorICu~so~ Cont~ol Modu1. 

------------------------------~----~-
Disp1a, P~oc,ssor Modu1, 

DBUB Data Cab1. C40-Conductor Flat 
Cab1. wI :2 Taps) 

~oustick Pigt.il Cab1. 

'-Conductor COAX Pigtail Cabl. 

25-Foot 
C.bl. 

4-Conducto~ COAX Monitor 

G~ant Continuitu Card (LSI-II Bus) 

Mpunting R.guir.m,nts: 3 AdJac,nt Quad-H.ight slot. in H9273-A 
LSI-II Bus Sackp1an, (or Equiva1.nt) 

Ppwer R.auirem.nt,: + , Vd c • 6. 0 Amp. 
+12 Vdc • 0.7 Amp. 
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A.B VSVII-AC, -AD PARTSIDATA 9£ET 

D.finitionj LSI-11 Bus Rast.r Oraphics Bvst.. ~ith t~o I •• g. 
M •• ory Modul.s and ~ithout Display Monitor. 

Th. VSV11-AC (60 Hz) and VSV11-AD (SO Hz) ar. 
id.ntical, th.y di'f.r only in s ... itch s.ttings on 
th. "7061 Sync G.n.rator Modul. to diltinguish 
b.tw •• n 60 Hz and ~ Hz op.ration. 

P,rt. Li.t: 

Cit". P,rt No. 

1 "7061 
------ ~~~~a.:~~~~===~:c. 

2 "7062 ------ ------------
1 "7064 ------ ------------
1 H3060-A 

------ ------------, 1 70-15997-011 

------ ----------
1 70-15B22-0 

------ ------------
1 17-00193-00 --.---- -----------1 17-00192-00 

----- -------------
2 Q7272 

D.scription 

Sync O.n.ratorICurlor Control Modul. 

----------------------------------------
Displav Proc.lsor Modul. 

----------------------~-~----------
~ovstick AI5.mbl" C ... ith Cabl.) 

DBUS Dat. Cabl. C4O-Conductor Flat 
C,bl. till 2 Taps) 

------------------~------------------I 
~oystick Pigtail Cabl. 
-----------------~~------------~--I 
'-Conductor COAX Pigtail Cabl. 

--------------------------------------1 
4-Conductor COAX Monitor I 

I 
------~-----~-----~---------~-I 

Orant Continuity Card (LSI-11 BUI) 

Mounting R.quir ••• nts: 4 AdJac.nt Quad-H.ight .lot. in H9273-A 
LSI-11 Bus Backplan. (or Equival.nt) 

Ppw.r R.guir.m.nt.; + , Vdc • 7~ , AMp. 
+12 Vdc • 1.2 A.p. 
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A.9 V9VII-AE, -AF PARTS/DATA SHEET 

P,.initipn: LSI-II Bus A.star Or.phic~ S,st.. ~ith on. I •• g. 
M •• or, .nd ~ith 12- Monochro •• (B/W) Displ., Monitor 
wi D.t.ch.bl. K.,bo.rd. 

Th. VSVl1-AE (I20V/60Hz) .nd VSVI1-AF (240V/~z) .r. function.ll, id.ntic.ls th., dilf.r in s~itch 
s.ttings on the M7061 SUnc O.n.r.tor Modul. to 
distinguish b.twe.n 60 Hz .nd SO Hz op.r.tion, .nd 
in the pow.r cord .nd pow.r s.l.ctor switch on the 
.. ani tor. 

P,rtl Li It; 

ot". 

1 ------
1 

------
1 

------
1 

------
1 

Part No. 

M7061 
-------..-~---
M70~ 

---... --------
1'17064 

------------
H3060-A 

-------------
70-15987-011 

D.scription 

Displ., Proc.ssor Modul. 

DBUS D.t. C,bl. C4O-Condt"ctor FI.t 
C.bl. ~/ 2 T.p.) 

1 70-15822-0 Jo,.tick Pigt.il C.bl. 

1 17-00193-00 '-Conductor COAX Pigt.il C.bl. 
------ ------------ -----~------------~--~----~---~-

1 17-00192-00 
------1------------

2 I Q7272 
------1------------

1 I VTloo-LA 
I (V9VII-AE) 
1 or 
I VT100-LB 
I ( VSV ll-AF ) , 

Or.nt Continuit, C.rd (LSI-II Bu.) 

Vid.o T.rMin.l, ~ith 12- Blick ~ 
Whit. CRT, D.t.ch.bl. K.,bo.rd, .nd 
Pow.r Cord. (M.k. sur, the Pow.r 
S.l.ctor switch on the r •• r 0' the 
monitor C.I. is prop.rl, •• t. ) 

Mounting R.quir.m.nts: 3 AdJlc.nt Qu.d-H.ight .lotl in H9273-A 
LSI-II Bus B.ckpl.n. (or E,uivll.nt) 

Pow.r Rlguir •• ,nts: + 5 Vdc • 6.0 Amp. 
+12 Vdc • 0.7 A.p. 

VT100-LA: 9O-12B V'c. 2.2 A.p., 1- Phi •• 
VT100-LB: 180-256 V,c • 1. 1 Amp., I-Ph ••• 
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A.I0 VSVII-AH, -A~ PARTS/DATA SHEET 

D'finitipn; LSI-It Bu. Ra.t,~ Q~aphic. S~lt'. with t~D I.ag. 
M.mDrv modul.. and 12" MonochrD.. (B/W) D15pla" 
Monitor wi D.tachabl. K_"board. 

Th. VSVI1-AH CI20V/bOHz) and VSV11-~ C240V/5OHz) 
ar. 'unctionall" id.nticalJ th." diff.r in .witch 
s.ttings on th. M7061 SVnc G.n.rator Modul. to 
distinlui5h b.t~ •• n 60 Hz and 50 Hz op.ration, and 
in th. pow.r cord and po~.r s.l.ctor •• itch •• tting 
on th •• onito~. 

Part. Lilt: 

Gt". Part No. 

1 "7061 Svnc O.n.rato~/Cursor Cont~ol Modul. 
------ ------------I----------------------------~----~-I 

2 M7062 I I •• g. ""o~v Modul. I 

------ ------------1--------------------------------------1 
1 H7064 I Displa" P~OC'ISO~ ModulI t 

------ ------------1--------------------------------------1 
1 H3060-A I ~ovltic. ASI •• bl" C.ith Cabl.) I 

------ ------------1--------------------------------------1 
1 70-15987-0HI DBUB Dat. Cabl. (40-Conducto~ Flat J 

I Cabl. ~I 2 Taps) I 

------.------------1--------------------------------------I 
1 I 70-15822-0 I ~o"ltic. Pigtail Cabl. 1 

------1------------1--------------------------------------
1 17-00193-00 5-Conductor COAX Pigtail Cabl. 

1 17-00192-00 25-Foot 4-Cond. COAX Monito~ Cabl. 
------ ---------~- -----~~~-------------------,------------

1 

Q7272 

VT100-LA 
( VSV ll-Ai·n 

o~ 

VT100-LB 
(VSVI1-A'-') 

Qrant Continuit" Card (LSI-II Bu.) 

Vid.o T.~.inal, ~ith 12" Blac. ~ 
Whit. CRT, D.tachabl. K."board, and 
Powe~ Cord. (M... sur. th. Po~.r 
S.l.ctor Iwitch on th. r.ar 0' th • 
• onitor cal. 15 prop.rlV •• t. ) 

Mpunting R'guir.m.nt,; 4 AdJac.nt Guad-H.ight .lotl in H9273-A 
LSI-II BUI Backplan. (or Equival.nt> 

Ppwer R.quir ••• nt,; + 5 Vdc • 7. 5 Amp. 
+12 Vdc • 1.2 A.p. 

VT100-LA: 90-128 Vac • 2.2 AMp .• 1- Pha •• 
YTl00-LB: 180-256 Vae • 1. 1 A.p., I-Phas. 
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A.ll VSVII-AP, -AR PARTSIDATA SHEET 

D.finition: LSI-II Bua Raat.~ Q~aphi,. avat.. ~ith on. I.a •• 
M •• orv and ~ith 19M ~~.or Diaplav Monitor _I 
~.~board. 

lh. V9VII-AP C120V/60Hz) and VSVI1-AR C24OV/50Hz) 
dif'.r in a~itch s.ttinga on the M7061 BU nc 
Q.n.rato~ Modul. (60/50 Hz) and in th. po~.~ cords 
end po~.r a.l.etors on th •• onito~ eo.pon.nta (CRT. 
~.vboard Int,~'ac.), 

Pert. List: 

Part No. D.scription 

1 M7061 S~nc Q.n.r.t~TICur.or Cont~ol Modul. 
------1------------ --------------------------------------

1 I M7062 Imag. M.mo~, Modul. 
----_.. ------------ ------------~---------~------~--~~-

1 M7064 Di5plav Proc.aAor Modul. 

------ ------------ .----------------------------~-------
1 70-1~9B7-OM DBUB Data Cabl. C40-Conducto~ Flat 

Cabl. ",I 2 Tep.) 

1 17-00193-00 5-Conducto~ COAX Pigtail Cabl. 
------1------------ --------------------------------------

1 17-00192-00 25-Foot 4-Cond. COAX Monitor Cabl. 

2 Q7272 Q~ant Continuitv Ca~d (LSI-II Bu.) 
------------------------~~-------~---

1 VRV02-BA 
(VSVI1-AP) 

or 
VRV02-BB 

(VSVI1-AR) 

Mounting R.quir.m.nt,: 

Pow.r R.quir.m.nt.: 

VRV02-BA: (CRT): 
(K.yboa~d Int,~'ac.): 

VRV02-BB: (CRT): 
(K.vboard Int.r9ac.): 

Colo~ Vid.o T.rminal, ~ith: 
19" Color CRT, ~I Po •• ~ Cord. 
D.techabl. K.vboe~d, 
K.~bo.~d Int.~'ec. ",I Po",.~ Co~d, 
BC05F-15 IS' S.~ial Int.r'ac. Cabl •• 
Vid.o Ext.naion Cab 1., 
20.A Loopbeck T •• t Conn.ctD~ 

3 AdJac.nt Ouad-H.ight .lot. in H9273-A 
LSI-ii Bus Baeiplan. (o~ E,uival.nti 

+ 5 Vdc • 6.0 Amp. 
+12 Vdc • 0.7 AMp. 

108-132 Vae • 1. 1 "-p. l-Ph ••• 
9O~12B Vae • 1. 5 A.p., l-Pha •• 

216-264 Vae • 0.6 Aap. l-Ph.s. 
180-256 Vee. 0.8 AMp .• i-Phaa. 
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A. 12 V9Vl1-AS, -AT PARTS/DATA SHEET 

D,finitipn: LSI-II Bu. Ra.t.r Qraphic. S~.t,. ~ith two I •• g. 
H,.ori •• and 19" Color Di.pla~ Monitor ~I K.uboard. 

Th. VSVII-AS (12OV/60Hz) and VSV11-AT (240V/50Hz) 
di".r in I~itch •• ttingl on th. H7061 SUnc 
Q.n,rator Modul. (60/50 Hz) and in th. pow.r corda 
and pow.r •• l.ctor. on th •• onitor co.pon.nt. (CRT.' 
K.~board Int.r'ac.). 

Part. Li.t: 

Ot". 

1 
------

1 
------

1 
------

I 1 
1------
I 1 

1 

M7061 
------------

M7062 

------------
M7064 

------------
H3060-A 

-----------
70-159B7-OH 

70-15822-0 

S~nc Q.n.ratorICuraor Control Modul. 

Imag. M •• or~ Modul. 

Di.pla~ Proc.alor Hodul. 

Jovstick A •••• blU (~ith Cabl.) 

DBUB Data Cabi. (40-Conductor Flat 
Cabl. wi 2 Taps) 

Joy.tick Pigtail Cabl. 

--------------------------------------1 
1 17-00193-00 5-Conductor COAX Pigtail Cabl. 

--------------------------------------1 
1 17-00192-00 25-Foot 4-Cond. COAX Monitor Cabl. 1 

-------------------------------------~I 
Q7272 Qrant Continuitu Card (LSI-11 Bua), I 

--------------------------------------, 
1 VRV02-BA 

(VSVI1-AP) 
or 

VRV02-BB 
(VSVII-AR) 

Hounting R.quir.m.nt,: 

Power B.guir.m.nt,: 

VRV02-BA; (CRT) : 
(K.yboard Interface): 

VRV02-BB: (CRT): 
(Keyboard Int.rfac.): 

Color Vid.o T.rminal, ~ith: 

19" Color CRT, wi Pow.r Cord, 
n.t.ch.bl. K.Ubo.rd: 
Keyboard Int.rfac. ~I Po~.r Cord, I 
BC05F-15 15 / S.rial Int.rfac. Cabl., I 
Vid.o Extension Cabl., I 
20mA Loopback T •• t Connector I 

4 AdJacent Guad-H.jght alotl in' H9273-A 
LSI-11 BUI Backplan. (or Equivalent> 

+ 5 Vdc • 7.5 Amp. 
+12 Vdc • 1.2 A.p. 

108-132 Vac • 1. 1 A.p. I-Pha •• 
90-128 V.c • 1. S A.p., I-Phaa. 

216-264 Vac • 0.6 A.p. I-Pha., 
180-256 Vac • 0.8 Amp., I-Pha •• 
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APPENDIX B 

VRV02-BA/BB 20MA TO EIA CONVERSION 

The Kevboard Inter~ace unit used in the VRV02-BA/BB consists o~ 

standard VT100 logic plus the VT1XX-AA 20mA Option. The 
VRV02-BA/BB is th.re~or. supplied set up ~or 20mA Current Loop 
ser ia I c ommunicat ions, and th e EIA ("COMM.") connec tor is not 
active. If the unit is to inter~ace to an EIA RS-232 
communications line, the 20mA option must b. disabled, as 
~ollows: 

2. Disconnect the 20mA option board b~ removing the 8-inch 
5-conductor interconnect cable. This cable runs ~rom a 
connector on the narrow VT1XX-AA 20mA option board to • 
connector on the main VT100 logic module. 

3. Tape the cable Just removed securel~ to the bottom o~ 

the case for use in the event of a future requirement. 

4. ~eassemble the Kevbo.rd Interface ca.e and attach the 
E I A C 0 mm u n i cat ion s 1 in e tot he" COMH. .. con nee tor 0 nth e 
unit. 



APPENDIX C 

VT100/VRV02 SETUP AND OPERATOR INFORMATION 

This Appendix is a brief overvie~ of the procedures used to 
"set-up" the internal parameter. of the VT100 or VRV02 for 
operation as • VSV11/VS11 graphics terminal. For detailed 
operating procedures, consult the VT100 u •• ~ QuideJ EK-VT1 OO-UQ. 

The oper4iting pt1r4imeters of! intere.t when using t.he VT100 or 
VRV02 as a gr.phics terminal .re: 

2. 50Hz/60Hz Operilting Freq,uenc", tlnd 

3. Video Intensitv. 

Also of importance are the parameters nace.sary for .erial 
communication ~ith the host computer (Transmit/Receive Speed, 
P4irity, ate. >. There are other ptilr4imeters which can be' set-up .s 
desired for operator convenience or host software compatibilit~. 

The par.meters are set using the SET-UP f!unction of the keybo.rd. 
The following steps should be used to set up the Oraphie~-r.lated 
operating par.metars: 

1. Press the SET-UP key in the upper left corner of! the 
keyboard; the SET-UP A display .hould be .een on the 
screen. This displav allows tab stops to be set; it 
does not af!fect graphic operation. 

2. Observe the labels next to the top row of keys (the 
number keys) and press SETUP AlB (the tlSIl keV); the 
SET-UP B display should appear on the screen. 

3. The SET-UP B display allows the operating parameters to 
be set-up. In this displtilCj' four groups of four biniiry 
digits each should b. seen, .long ~ith • T (Transmit) 
SPEED and R (Receive) SPEED indic.tion. The blinking 
cursor should .150 be seen, initi.llV .t the left of the 
screen. 



4. To set-up the Inte~l.ce/Non-Int.~l.ce .ode of operation, 
us. the space bar to .ove th • ., ~Jrso~ to the ~ight unti 1 
it 1. under the l •• t (4th) d111t of the thi~d g~oup. 

The st.te of thi$ dia1t controls the 
Inter1ac./Non-Inte~lace scanning aod.. If it is 0. the 
Dod. is Non-Interlaced. If it i. 1, the .ode is 
Int.r1ac~d. Deter.ine ~hich .ode ia to be us.d Cit must 
•• tch the set-up on th. M7061 9,nc Oener.tor). The 
stat, of the digit, and h.nce the .ode, i~ changed b, 
pr.s~lng· the TOQQLE 1/0 lIeV Cthe -0- .ev). 

5. To s.t-up the 50Hz 160Hz op.r.ting 'r.quencfj. use the 
space b.~ to .ov. the cursor to the ~ight until it i. 
under the l.st C4th) digit 0' the. 90urth group. The 
.tete 0' this digit controls the operating '~.q~encv. 
I' th. dig it isO, the te-r.ina1 is set f·or 60Hz 
op.r.tionJ if it Is I. it is •• t 901' 50Hz op.~ation. 
Determin. ~hlch 're~uenc, is to be us.d (It .ust .atch 
the s.t-up 0' tho "7061 Sync generator). Th. state 0' 
the digit, and hence the frequenc" is changed b, 
pr ••• ing the TOQQLE 1/0 II., (th. -6- II.V). 

6. The Transmit and Receive Sp.eds Cseri.1 baud ~ate.) ca~
b. changed b, operating the TRANSMIT SPEED C-7- lIeV) and 
RECEIVE SPEED (liS" lie,) lie,s. 

7. Th. video intensit, 0' the VT100-LAlLa can be adJusted 
up or do .. n b, pre.sing the Up-Arj.otll Dr. (;.~ ... n-Arro ... lIe"s, 
r.sp.ctive1" at the uppe~ right 0' the •• in IIevboard. 
[The video cannot be adJusted in this .anner on the 
VRV02 color .onitorl. 

B. When set-up 
silDultaneouslv 
pilrameters. 

is 
..,ith 

c 9~P 1ete, pre.. th e "s" II ev 
the SHIFT IIeV to store the curr.nt 


	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	1-01
	1-02
	1-03
	1-04
	1-05
	1-06
	1-07
	1-08
	1-09
	1-10
	1-11
	1-12
	1-13
	1-14
	1-15
	1-16
	1-17
	2-01
	2-02
	2-03
	2-04
	2-05
	2-06
	2-07
	2-08
	2-09
	2-10
	2-11
	2-12
	2-13
	2-14
	2-15
	2-16
	2-17
	2-18
	2-19
	2-20
	2-21
	2-22
	2-23
	2-24
	2-25
	2-26
	2-27
	2-28
	2-29
	2-30
	2-31
	2-32
	2-33
	2-34
	2-35
	2-36
	2-37
	2-38
	2-39
	2-40
	2-41
	2-42
	2-43
	2-44
	2-45
	2-46
	2-47
	2-48
	2-49
	2-50
	2-51
	2-52
	2-53
	2-54
	2-55
	2-56
	2-57
	2-58
	2-59
	2-60
	2-61
	2-62
	2-63
	2-64
	2-65
	2-66
	2-67
	2-68
	2-69
	2-70
	2-71
	2-72
	2-73
	2-74
	2-75
	3-001
	3-002
	3-003
	3-004
	3-005
	3-006
	3-007
	3-008
	3-009
	3-010
	3-011
	3-012
	3-013
	3-014
	3-015
	3-016
	3-017
	3-018
	3-019
	3-020
	3-021
	3-022
	3-023
	3-024
	3-025
	3-026
	3-027
	3-028
	3-029
	3-030
	3-031
	3-032
	3-033
	3-034
	3-035
	3-036
	3-037
	3-038
	3-039
	3-040
	3-041
	3-042
	3-043
	3-044
	3-045
	3-046
	3-047
	3-048
	3-049
	3-050
	3-051
	3-052
	3-053
	3-054
	3-055
	3-056
	3-057
	3-058
	3-059
	3-060
	3-061
	3-062
	3-063
	3-064
	3-065
	3-066
	3-067
	3-068
	3-069
	3-070
	3-071
	3-072
	3-073
	3-074
	3-075
	3-076
	3-077
	3-078
	3-079
	3-080
	3-081
	3-082
	3-083
	3-084
	3-085
	3-086
	3-087
	3-088
	3-089
	3-090
	3-091
	3-092
	3-093
	3-094
	3-095
	3-096
	3-097
	3-098
	3-099
	3-100
	3-101
	3-102
	3-103
	3-104
	3-105
	3-106
	3-107
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	4-13
	4-14
	4-15
	4-16
	4-17
	4-18
	4-19
	4-20
	4-21
	4-22
	4-23
	4-24
	4-25
	4-26
	4-27
	4-28
	4-29
	4-30
	4-31
	4-32
	4-33
	4-34
	4-35
	4-36
	4-37
	4-38
	4-39
	4-40
	4-41
	4-42
	4-43
	4-44
	4-45
	4-46
	4-47
	4-48
	4-49
	4-50
	4-51
	4-52
	4-53
	4-54
	4-55
	5-01
	5-02
	5-03
	5-04
	5-05
	5-06
	5-07
	5-08
	5-09
	5-10
	5-11
	5-12
	5-13
	5-14
	5-15
	5-16
	5-17
	5-18
	5-19
	5-20
	5-21
	5-22
	5-23
	5-24
	5-25
	6-01
	6-02
	6-03
	6-04
	6-05
	6-06
	6-07
	6-08
	6-09
	6-10
	6-11
	6-12
	6-13
	6-14
	6-15
	6-16
	6-17
	6-18
	6-19
	6-20
	6-21
	6-22
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